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SUMMARY 
The heat pipe is a self-contained device which has 
the capability of transporting large quantities of heat 
through a small temperature gradient. By operating on a 
closed liquid-vapor cycle similar to that of a heat engine, 
this device has exhibited an effective thermal conductivity 
many times that of a pure copper rod of similar dimensions. 
This thesis is a theoretical study of the performance 
of a cryogenic heat pipe using nitrogen as the working 
fluid. Polynomial equations are developed to describe the 
thermodynamic properties of nitrogen as functions of 
temperature. These equations are combined with the governing 
mass- and heat-transport equations herein given and coded 
into three computer programs. These programs, taken 
together, give capillary and sonic limitations on the 
performance of the pipe and the thermal resistances of each 
heat pipe component. The data obtained is converted into 
several performance graphs and charts which are helpful in 




A. Definition of the Heat Pipe 
The heat pipe is best defined as a self-contained 
device capable of transferring large quantities of heat from 
a heat source to a heat sink through a relatively small 
temperature gradient. The operational concept of the heat 
pipe is based on a combination of the phenomena of liquid 
vaporization, mass transport in the vapor phase, vapor 
condensation, heat transfer through solids by conduction, 
heat transfer through fluids by convection, heat transfer 
from surfaces by convection and radiation, and mass transport 
in the liquid phase by capillary pumping through a porous 
media. The heat pipe is unique in that it brings these 
several phenomena of mass and heat transport together into 
what is actually a simple and Useful device. 
B. Statement of the Problem 
This analytical study focuses on the computer modeling 
of a composite wick system to be used in a cryogenic heat 
pipe intended for a special and limited application. That 
is, to transfer heat from the temperature-sensitive electronic 
components of a space vehicle operating in an environment of 
zero gravity and extremely low temperature to a heat sink 
which radiates to space. 
The physical size and material of the heat pipe and 
the temperature range were specified by the sponsoring 
* 
agency. Thus the problem, which this study attempts to 
solve by theoretical analysis, is to design a composite wick 
system capable of supporting a liquid flow rate sufficient 
for maintaining a rate of heat transfer of approximately 
thirty-five Btu's per hour. In addition, this wick system 
must meet the geometric specifications for use in a .420 
inch inside diameter pipe three feet long. The remaining 
sections of this study give the theoretical considerations 
and outline the procedure used to accomplish this goal. 
C. General Description of the Heat Pipe 
and Its Operation 
Generally, the heat pipe consists of a sealed 
container inside of which a working fluid undergoes a vapori­
zation-condensation cyclic process which transports the 
latent heat of vaporization of the fluid through the effec­
tive length of the pipe. Although the shape of the vessel 
may vary with application, it is usually a metal circular 
cylinder or parallelepiped. An internal wick or capillary 
structure provides a porous medium for the transport of the 
working fluid in its liquid phase by capillary pumping. The 
design of this wick may vary greatly. Although circumferential 
National Aeronautics and Space Administration 
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wicks made of metal screens of various mesh sizes are 
common, the literature offers many studies, both theoretical 
and experimental, of heat pipe performance using axial 
grooves [1], annular-wicks [2], cloth [3,4], and beds of 
packed beads as wicks [5]. 
Before being put into service, the heat pipe must be 
charged. This is accomplished by evacuating the container 
and introducing the proper amount of working fluid to 
completely saturate the internal capillary structure. The 
pipe is then sealed. The working fluid is now in a state of 
two-phase thermodynamic equilibrium. Under most operating 
conditions, the internal pressure of the pipe is equal to 
the vapor pressure of the fluid at the temperature of the 
surroundings. 
As heat is added to the evaporator section of the 
pipe, the equilibrium is disturbed. A mass element of 
liquid in the evaporator wick absorbs its heat of vapori­
zation and passes into the vapor space. It is assumed, in 
this study, that the total energy input to the pipe is taken 
up in this phase change process [6,7]. The introduction of 
this additional mass into the vapor space creates a slight 
pressure gradient causing a movement of vapor toward the 
condenser. At the condenser, the temperature of the pipe 
wall and wick is somewhat less than that of the vapor. Thus 
the vapor condenses on the capillary structure, giving up 
its latent heat of vaporization. This heat is then conducted 
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through the pipe wall to be dissipated to the environment. 
As the liquid is vaporized at the evaporator end, its 
surface recedes slightly into the pores of the capillary 
structure, forming small radii of curvature at the liquid/ 
vapor interface. On the other hand, the condensing vapor at 
the opposite end tends to fill the pores of the wick, 
forming greater radii of curvature. It is this difference 
in the radii of curvature at the vapor/liquid interface 
between the two ends of the pipe which creates a slight 
pressure differential in the liquid. The net result of this 
pressure gradient is the phenomenon known as capillary 
pumping. 
In selecting the proper working fluid, much consider­
ation must be given to the thermodynamic properties of the 
candidate fluid in the temperature range of operation. The 
well-known thermodynamic properties of liquid nitrogen and 
liquid oxygen make them good working fluids for use in the 
cryogenic temperature range. This work investigates the heat 
pipe performance using liquid nitrogen as a working fluid. 
Although the heat pipe is a very efficient heat 
transfer device, it is not free from performance limitations. 
Four such limiting conditions are discussed in Section C of 
Chapter III. 
D. Literature Survey 
Although it has not always been known by the name 
5 
heat pipe, this closed cycle, high heat transfer device has 
been in existence for many years. An early device which 
operated on the principle of the present day heat pipe was 
patented by R. S. Gaugler [8] in 1944. Grover, et al. [9] 
rediscovered the device in 1964 and were first to use the 
descriptive name heat pipe. Since these early works, there 
have been many theoretical and experimental investigations 
in the field of heat pipe operation and performance. 
While the number of heat pipe investigations is too 
great to give a complete listing, among the better known 
was performed by Cotter [10], who first presented a quanti­
tative engineering theory for predicting heat pipe perfor­
mance. It was Cotter's conclusion that the phenomenon of 
mass transport in the porous media governs the heat pipe 
performance. Cotter also pointed out the performance 
limiting condition of boiling in the evaporator section (see 
Section C of Chapter III). 
Cosgrove [11] is another well-known heat pipe investi­
gator who in 1965 made an important analytical study of its 
performance. By balancing the governing equations of mass, 
heat, and momentum transport, and assuming that the perfor­
mance was restricted by the capillary limitations, Cosgrove 
reached the conclusion that the maximum heat transfer rate 
depended on the thermodynamic properties of the working 
fluid and the liquid-transport characteristics of the porous 
wick structure. His experimental work provided good 
6 
agreement with the predictions obtained by using the 
analytical model. 
The Heat Pipe Design Handbook has been published by 
Skrabek and Bienert [12]. Among the data given in this 
impressive work are the thermodynamic properties of several 
heat pipe working fluids and experimental values of wick 
properties. 
Using dimensional analysis, Williams [6] identified 
twenty-four dimensionless heat pipe parameter groups. These 
dimensionless groups enabled Williams to correlate data 
from his experimental work with data found in the literature. 
A correlation model was developed by Williams and 
Colwell [13] for study of steady-state performance of a 
horizontal heat pipe with internally self adjusting evaporator 
and condenser lengths. The conclusions drawn from this study 
were as follows: (1) the axial vapor Reynolds number 
influences the length along which condensation occurs, and 
(2) the wick geometry and meniscus radius at the evaporator 
determine the length along which evaporation occurs. 
Experimental and theoretical investigations in the 
field of cryogenic heat pipe performance are somewhat more 
limited in number. From his experimental study of a nitrogen 
filled pipe, Haskin [14] concluded that the major temperature 
drops were due to conduction through the pipe walls and the 
liquid-filled porous structure adjacent to the walls. The 
experimental data presented by Haskin has been extremely 
7 
valuable to heat pipe designers. 
In a qualitative investigation, Chi and Cygnarowicz 
[15] developed design and performance charts for cryogenic 
heat pipes using different working fluids. This work takes 
into account the variation of fluid properties on the heat 
pipe performance. For their study, Chi and Cygnarowica 
used a heat pipe with a circumferential capillary structure 
resulting in relative low computed values of heat transfer 
rates. 
From a study of cryogenic and low temperature heat 
pipes for spacecraft application, Sherman and Brennan [16] 
concluded that nitrogen and oxygen are the best fluids for 
operation in the cryogenic temperature range. In addition, 
this study points out the composite slab wick as a reliable 
"state-of-the-art" porous media adequate for present day and 
projected NASA applications. 
Joy [17] has studied the capillary and boiling limita­
tions on the performance of cryogenic heat pipes using 
nitrogen and oxygen as working fluids. In this study, Joy 
took into consideration the gravitational effects for 
application on a spin-stabilized spacecraft. 
In an experimental investigation using a nitrogen 
filled heat pipe, Armaly and Dodheker [3] observed the effect 
of heat pipe performance of varying the angle of inclination 
of the pipe. From the results of this investigation, the 
conclusion was drawn that the radial thermal resistance at 
8 
the evaporator is the major factor limiting the power load 
of this low temperature heat pipe. 
Kroliczek and Brennan [1] studied the performance of 
an axially grooved heat pipe. Data relating to the heat 
transport capability for working fluids of ammonia, methane, 
and nitrogen were obtained. 
A theoretical study was performed by Paulius and Lang 
[2] analyzing the capillary pressure drops for both homoge­
neous-wick and annular-wick heat pipes operating in the 
cryogenic temperature range. Comparisons were made of the 
heat transfer capacity of pipes employing these two wick 
configurations and working fluids of hydrogen, nitrogen, and 
oxygen. The result of their theoretical study indicates 
that superior performance may be realized with the annular-
• i 
wick design. •.•'•! 
Using the Applications Technology Satellite (ATS-F), 
Kirkpatrick and Brennan [18] conducted controlled experiments 
to evaluate,the performance of a heat pipe in a space 
environment. They concluded that heat pipes are useful 
temperature control devices for space applications. 
In his presentation at the 1973 National Science 
Foundation Heat Pipe Conference, Olindorf [19] outlined the 
state-of-the-art of cryogenic coolers for spacecraft appli­
cation. Included in his presentation was a discussion of 
the performance of cryogenic heat pijpes using various 
working fluids and different wick configurations. 
Several authors (Refs. [20,21,22,23,24,25,26 and 27]) 
have studied the capillary properties of wire mesh screens 
which may be used for heat pipe applications. Appendix A 




A. Obj ective 
The objective of this chapter is to outline and 
clarify the analytical procedures used in this study. The 
following sections discuss the pipe geometry and general 
wick design, the equations used for determining the thermo­
dynamic properties of the materials used, wire screen 
properties and geometry, and the computer programs used in 
optimizing the composite wick. 
B. Geometry and Physical Data of Heat Pipes 
Considered in this Study 
Given in Table 1 is a listing of the heat pipe 
geometry and physical characteristics suggested by the 
sponsoring agency. Drawings showing the general configura­
tion of the heat pipe and composite wick system are given by 
Figs. 1, 2, and 3. 
C. Thermodynamic Property Equations 
The thermodynamic properties of nitrogen, the working 
fluid, in the cryogenic temperature range are well known. 
Reference [28] gives plots of vapor pressure, liquid and 
vapor viscosity and density, liquid thermal conductivity, 
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Table 1. Geometry and Physical Data of Heat Pipe 
Considered by this Study 
Total length 
Length of adiabatic section 
Length of evaporator section 
Length of condenser section 
Outside diameter of pipe 
Wall thickness of pipe 








Material of pipe and capillary 
structure 
Working fluid 
General wick configuration 
304 stainless steel 
Nitrogen 
Composite central slab, 
circumferential at heat 
transfer sections 

Circumferential Wick " Slab Wick 
Figure 2. Close-Up of Composite Slab and Circumferential Wick 
at Heat Transfer Section 
Interior Layers of Slab 
Wick, "B" Portion 
(Coarse Screen) — , 
Surface Layers of Slab Wick, 
Figure 3. Cross-Section of Heat Transfer Section 
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heat of vaporization, and surface tension as functions of 
temperature over the range 65°K < T < 125°K. However, the 
computer programs used to model the composite wick system 
require mathematical equations describing each property as 
a function of temperature. Such equations were generated by 
using the data given in Ref. [28] in a least-squares 
regression analysis program on the Wang 7 20 calculating 
machine. The property equations thus generated are of the 
form: 
X = b T n + b -i T n _ 1 + ••• + b (2.1) n n-1 o v J 
1 < n < 7 
where 
X - thermodynamic property 
b n = polynomial coefficient 
T^ = temperature, °R 
Data taken from Refs. [29] and [30] were used in the 
curve fit procedure to generate polynomial equations, 
describing the ratio of specific heats of nitrogen and the 
thermal conductivity of 304 stainless steel as functions of 
temperature. A complete listing of these property equations 
is given in Appendix B. 
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Figure 4. Nitrogen Vapor Pressure 







120 140 160 180 200 220 
T [°R] 
Figure 5. Nitrogen Viscosity Versus Temperature [28] 
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Figure 6. Nitrogen Density Versus Temperature [28] 
Btu 
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120 140 160 180 200 220 
T[°R] 
Figure 7. Thermal Conductivity of Liquid Nitrogen 
Versus Temperature [28] 
Figure 8. Heat of Vaporization of Nitrogen 
Versus Temperature [28] 
Figure 9 . Surface Tension of Liquid Nitrogen 





120 140 160 180 200 220 
T [°R] 
Figure 10. Ratio of Specific Heat of Nitrogen 
Versus Temperature [28] 
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properties used in this study. Figure 11 gives a plot of 
the heat pipe number. A function of several fluid properties, 
this useful design parameter is calculated using Eq. (3.23). 
Figure 12 shows a plot of thermal conductivity of 304 stain­
less steel versus temperature. 
D. Wire Screen Properties and Wick Geometry 
Since it is the screen properties that govern the 
liquid transport characteristics of the wick, they are the 
major factors to be considered in selecting screen to make 
up the internal porous media. Considerable variation in 
published screen property data dictated the use of conserva­
tion values of screen porosity and permeability resulting in 
relatively low heat fluxes. By modeling various combinations 
of screens, the relationship between the liquid transport 
ability of the porous media and the performance of the heat 
pipe is numerically illustrated. Table 2 gives a description 
of the six composite wick systems modeled in this theoretical 
study. 
E. Computer Programs 
The previously discussed pipe geometry, thermodynamic 
properties of the materials and working fluid, and the wick 
screen properties are used in conjunction with the mass- and 
heat-transport equations given in Chapter III to predict the 
heat pipe performance. For machine computation, the three 
computer programs shown in Appendices C, D and E were 
24 
Figure 11. Heat Pipe Number Versus Vapor Temperature 
L _ I 1 I I - L I 
120 140 160 180 200 220 
T [°R] 
Figure 12. Thermal Conductivity of 304 Stainless Steel 
Versus Temperature [30] 
Table 2. Description of Composite Wick Systems 




Screen Mesh Size Number of Laye rs Screen Thickness-Ft Total Thicknes of Slab-FtxlO3 
A B C n A n c 6 Axl0
4 
A 5 Bxl0
3 6 cxl0 4 V n A 6 A + n B 6 B 
1 250 100 250 2 8 1 2. 84 1.03 2.84 8.808 
2 325 70 325 2 6 1 2.67 1.37 2. 67 8.754 
3 400 50 400 2 5 1 2.44 1.47 2.44 7.838 
4 400 30 400 2 4 1 2.44 2.04 2.44 8.648 
5 400 30 400 2 6 1 2.44 2.04 2.44 12.728 
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written. These computer programs calculate the following 
parameters over the temperature range 120°R < T < 225°R: 
(1) Thermal resistances of each pipe and wick 
component as well as theoretical heat transfer, 
disregarding all performance restrictions. 
(2) Capillary-limited heat transfer rates and 
heat pipe numbers. 
(3) Sonic-limited heat transfer rates. 
In each of these computer programs it is a simple matter to 
alter the properties of the internal capillary structure. 
Therefore, values of the parameters listed above may be 
obtained for each of the six wick compositions described in 
Table 2. By doing so, a composite wick system corresponding 
to the optimum heat pipe performance may be computer 
modeled. A sample output of each program is given for wick 





The objective of this chapter is to list and discuss 
the several mass- and heat - transport equations which govern 
the performance of cryogenic heat pipes. 
B. Thermal Resistances 
The total thermal resistance of the heat pipe, given 
by Eq. (3.1), is the sum of the thermal resistances of each 
heat pipe component. 




R ,R = thermal resistance of the pipe wall at the pe' pc r r 
evaporator and condenser, respectively. 
R̂  -,R • = thermal resistance of circumferential wick/ we' wc 
liquid combination at the evaporator and 
condenser, respectively. 
R. ,R. = thermal resistance of the circumferential le' ic 
wick-vapor interface at evaporator and 
condenser, respectively. 
Ry = thermal resistance of the vapor. 
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These individual component resistances may be more clearly 
envisioned from the schematic representation shown in 
Fig. 13. 
1. Thermal Resistance of the Pipe Wall 
The terms R^ e and R^ c appearing in Eq. (3.1) are 
given by the equation for the thermal resistance of concentric 
cylindrical bodies [31]: 





l n Cr A/r B) 
2TT k I 
hr °R 
Btu (3.2.b) 
where k and k are values of the pipe wall thermal 
conductivity evaluated at Te and Tc, respectively. 
2. Thermal Resistance of the Circumferential Wick-Liquid 
Combination 
The equation giving the thermal resistance of 
concentric cylindrical bodies is again used to determine the 
thermal resistance of the circumferential wick-liquid 
combination at both the evaporator and condenser ends. These 




R T 1 Q 
R we 













ln (r B/r c) 
w~ e 
hr °R (3.3.a) 
and 
R wc 




The terms r^, r^, and r̂ , seen in the equations above 
are the radii of the pipe outer wall, inner wall/wick inter­
face, and inner circumferential wick/vapor interface, 
respectively. These terms are shown graphically in Fig. 14. 
The terms k^ and k^ appearing in Eqs. (3.3.a) and 
(3.3.b) represent the effective thermal conductivity of the 
circumferential wick/liquid combination evaluated at the 
temperature of the wick/vapor interface for the evaporator 
and condenser ends, respectively. Numerical values of these 
parameters are found by using the following expression 
developed by Williams [6] (see Appendix F for a sample 
calculation using Eq. (3.4): 
k w ( t ) . 1 + 2.0 + 1 K T T t T ~ [A] [2D+C] W W W ~ [B] (3.4) 
where 
* 
Note: (t) indicates function of temperature. 
Figure 14. Cut-Away Views of Composite Wick System 
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[A] = ^- * 1.0 
ws 
(3.4.a) 
[B] = ws '+ 1. 0 (3.4.b) 
[C] = P 1.0 
ws 
( 3 . 4 . C ) 
I P ] = 
k L(t) 
(3.4.d) 
r = radius of screen element ws 
r = screen pore radius 
P • 
3. Thermal Resistance of the Circumferential Wick/Vapor 
Interface 
The following expressions, derived from kinetic 
theory [6,7], may be used to determine the interfacial 
thermal resistance between the circumferential wick and the 
vapor at the evaporator and condenser, respectively; 
R. 
le 
(Zr)1'2 R 3' 2 T 2 5 / 2 




R 1 C 
4 7 r r C £ c . V hfg, «• 




4. Thermal Resistance of the Vapor 
By assuming relatively small pressure gradients in 
the vapor space [4 , 7 ] , an expression for the thermal 
resistance of the vapor may be obtained from the Clausius 
Clapeyron equation [6]. < 
V X3 lp p J 
T--T = • V JL- [°R] (3.6) 
* 4 nfg 
where 
T^-T^ = temperature gradient in the vapor space. 
In addition, the assumption is made that fully-developed, 
laminar flow conditions exist in the vapor space. Therefore, 
the Poiseuille flow equation may be used to give the vapor 
pressure drop due to viscous effects [32]. Thus: 
lb£" (3.7) 
where: 
eff ~ e^^ e c - t^- v e length of the heat pipe 
= % • + 1/2 {% +£ ) a ' K e c J 
r^ = hydraulic radius of the vapor space (see 
Appendix H ) . 
* • 
The Poiseuille flow equation is given further 
consideration in Section C.l of Chapter III. 
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The heat transfer rate in the vapor space is given by: 
<5 




T -T >3 4 'R hr 
Btu (3.8.a) 
For the purposes of this theoretical study, it is assumed 
that the heat transferred axially by the pipe wall is 
negligible. In addition, the assumption is made that the 
total energy input to the pipe is taken up in the phase 
change of the working fluid [6]. With these assumptions the 
heat transfer rate is given by 
Q = m v h f g Btu hr (3.9) 
Equations (3.8.a) and (3.9) are combined to give 
R v " 
T - T 
x3 x4 
• m,. hr V £g 3 
R hr 
Btu (3.10) 
However T^-T^, the driving potential in the vapor space, is 
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A substitution of Eq. (3„7) into Eq. (3.11) gives 
R V " 
KV eff 3 v p y Q L J 
2 4 
7 7 PV hfg r v 
hr °R 
Btu (3.12) 
The thermodynamic property terms in Eq. (3.12) are evaluated 
at the vapor temperature, T^. 
5. The Total Thermal Resistance 
By substituting the equations giving the thermal 
resistance of each component, Eq. (3.1) may be written as 
In (r A/r B) In (r B/r c) 
*T JW~T 1— TiTTc T Pe e w 2 e 
,-,1/2 „3/2 „ 5/2 8y I r r T- (— - — ) (2TT) R T 2 K v eff 3 vPy p L y + " 2 n 1 1 1 + ——.2 4 + 4TT rr I P,r ht g C e V 2 fg 6 c 7T p,r h^ r V fg 3 v 
( 2 T T ) 1 / 2 R 3 / 2 T 5 5 / 2 In (r B/r c) In (r A/r B) 




where k^ and k^ are given by Eq. (3.4) evaluated at T2 
and T^, respectively. 
The theoretical heat transfer rate of the pipe, 
disregarding performance limitations, is given by 
T -T 
^max R̂ , R T 
Btu 
hr (3.13) 
Sample hand calculations showing thermal resistances 
of each heat pipe and wick component are presented in 
Appendix G. Additionally, Appendix C gives a computer 
listing of the thermal resistances for wick composition. 
C. Heat Pipe Performance Limitations 
Equation (3.13) gives the unrestricted heat transfer 
rate of the heat pipe. However, as stated in Chapter I, 
there are several factors which limit heat pipe performance 
[4]. Heat transfer rates which can be realized under these 
limitations form the upper bounds of heat pipe performance. 
The limiting conditions are defined as follows: 
1. Capillary pumping limitations: A restriction 
occurring when the pumping mechanism of the capillary 
structure cannot maintain a sufficient flow rate of liquid 
to the evaporator. Thus the evaporator wick is starved 
causing it to dry out. This upsets the continuity of the 
liquid flow. 
2. "Choking" or sonic limitation: A performance 
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limiting condition characterized by the vapor velocity 
approaching sonic velocity. This results in "choked flow" 
or shock conditions in the vapor space. Thus, no increase 
in mass flow rate can be realized for an increase in energy 
input. 
3. Entrainment limitation: A condition also charac­
terized by vapor velocities of large magnitude, occurring 
when liquid droplets are sheared from the wick surface by 
the rapidly passing vapor. This hinders the liquid flow, 
enhancing the possibility of failure due to dry-out. 
4. Boiling in the evaporator: A condition which 
occurs when the heat input to the evaporator is so great 
that the vaporization mechanism is changed from evaporation 
to nucleate boiling or localized film boiling. 
The performance of any heat pipe may safely be 
assumed to be governed by at least one of the above limita­
tions [33]. For the purposes of this study, it was assumed 
that the restrictions imposed by entrainment and boiling in 
the evaporator have no influence on the heat pipe performance 
in the cryogenic temperature range. Therefore, only the 
capillary pumping and the sonic limitations were investigated 
in this work. 
1. Capillary Structure Limitation 
The purpose of this section is to apply the governing 
concepts of mass transport in the liquid phase to the 
composite wick system. By doing so, an expression will be 
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derived giving the heat transfer rate corresponding to the 
capillary pumping limitation. This rate of heat transfer 
shall be referred to as the capillary-limited heat transfer 
rate, and given the symbol • 
Momentum Considerations. From conservation of momentum 
considerations, the following equation may be written for an 
element of mass in the heat pipe: 
E external forces = (mv) (3.14) 
at 
A major simplifying assumption made in this study is that of 
steady-state operation in a zero gravitational field. 
Under this assumption, the change of momentum with respect 
to time is taken to be zero. The problem is thus reduced to 
one of balancing the pressure gradients in the capillary 
structure with those due to viscosity. Equation (3.14) then 
becomes 
A P c a p " A P V + A P L ( 3- 1 5) 
where 
AP - capillary pumping pressure c ap 
AP^ = pressure gradient in the liquid due to 
viscosity 
The consequences of this assumption are discussed by 
Williams [6]. 
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APy = pressure gradient in the vapor due to viscosity. 
The interfacial pressure differentials have been neglected 
due to their extremely small magnitude [6,32]. 
Capillary Pumping Pressure., Scheidegger [34] gives 








As the maximum capillary limited heat transfer is approached, 
the wick conditions shown graphically in Fig. 15 are 
realized. The wick at the condenser section tends to fill 
with liquid causing r c (j, the meniscus radius at the condenser, 
to approach infinity. Conversely, at the evaporator end, 
the liquid is evaporated more rapidly, causing the liquid 
surface to sink into the capillary structure. Ideally, as 
the heat transfer rate approaches that limited by the 
capillary structure, the meniscus radius at the evaporator, 
r „, approaches the pore radius of the wick screen, r . ev P 
Therefore, in the limit, the following conditions exist: 
limit r j •> 0 0 • • — cd r 









Figure 15. Circumferential Wicks Showing Existing 
Conditions for Maximum Capillary-Limited 
Heat Transfer Rate 
42 
N • • 4. 2a ^ 2a limit r , -> r • •• — — -* —— ev p r r ^ ev p 
CL 
(3.17.b) 
Equation (3.16) may now be rewritten as: 









a = liquid surface tension 
Viscous Pressure Drop in the Vapor Space. By assuming 
fully-developed laminar flow in the vapor space, the vapor 
pressure drop due to viscous effects is given by the 
previously seen Poiseuille flow [35,36,37]. 
A P y = 
8 y V m V *eff 





r y = hydraulic radius of the vapor space. 
AP L, the Viscous Pressure Drop in the Liquid, 
pressure drop in the liquid due to viscosity, is given by 
the following expression: 
AP L = . V i K % eff TO ^ 1 rib Lft'J (3.19) 
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The derivation of Eq. (3.19) is given in Appendix I. 
A substitution of the expressions giving the pressure 
differentials into Eq. (3.15), yields the following: 
2 o V L r K * e f f ̂  K C L , 1 , 8 l J v V e f f 
r~ - ~ P 7 ~ 1 UT WZKZ
 ( i t 1 7 ] . .. 4 C 3 - 2 0 ) 
p L T C C e c Trp-y-r v 
Conservation of mass considerations require the vapor trans­
port rate in the vapor space and the liquid transport rate 
in the composite wick to be equal. This is expressed as: 
m L = m y = m (3.21) 
By substituting Eqs. (3.9) and (3.21), Eq. (3.20) may be 
rewritten as 
2a = JJ_ _L /\ ~eff + "C 1 . 1 
C VC *e c 
8 y v 0 *e££ 
* p V hfg r v j (3.22) 
Equation (3.22) may be rearranged to give the following 
expression for the capillary-limited heat transfer rate: 
'CL (2h f g p L ) / y 
r [ • ? f f + 
K CL (_i + _ i ) + 8 uV pL*eff 
Btu 
"Tir (3.22) 
77 r v 
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Being less than the nonrestricted heat transfer rate given 
by Eq. (3.13), the capillary limitation forms the upper 
boundary of the heat pipe performance. Increasing the power 
load beyond this upper boundary results in failure due to 
the inability of the wick to maintain a sufficient liquid 
flow rate. 
The group of thermodynamic properties given in the 







Making the substitution, the capillary limitation heat 




K I eff K CL (A + -I) + 
e c 
8 yV pL*eff 
7 7 ^L pV r v 
Btu 
"Tvr (3.24) 
It is obviously desirable to maximize the capillary-
limited heat transfer rate for optimum heat pipe performance. 
This may be accomplished by constructing a porous media 
having the characteristics of small pore radii and small 
values of inverse permeability. As indicated by Eq. (3.18), 
screens with small pore radii provide greater capillary 
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pumping pressure. For this reason, it appears that the 
larger mesh number screens would offer superior performance 
characteristics. Unfortunately, the large mesh screens 
have larger values of inverse permeability or friction 
factor (see Appendix A ) . Thus the liquid transport capability 
of the larger mesh screens is less than that of the smaller 
mesh screens. This conflict in the desired screen properties 
has led to the development of composite wick systems [12] 
such as that studied in this investigation. 
The composite wick system is made up of three 
components: the central composite slab running the length 
of the heat pipe and the circumferential wicks lining the 
wall at the two heat transfer sections. The composite slab 
is composed of several layers of small mesh number screen 
"sandwiched" between layers of large mesh number screens. 
The coarse interior layers of the slab provide good liquid 
transport capability while the surface layers provide 
greater capillary pumping pressure. The two circumferential 
wicks are homogenous in that they are composed of one or 
more layers of a single mesh screen. The larger mesh number 
screens are used in these areas to provide sufficient 
capillary pumping. The concept of the composite wick system 
is shown graphically in Fig. 3. 
2. Sonic Limitation 
In any attempt to optimize the performance of a 
cryogenic heat pipe, consideration must be given to the sonic 
46 
limitation on the heat transfer rate of the pipe. As the 
heat input to evaporator end of the pipe increases, the mass 
flow in the vapor space likewise increases. The sonic-
limited heat transfer rate is that rate of heat input at 
which the vapor velocity reaches sonic velocity. 
Hansen [35] gives the speed of sound in a vapor for 
an ideal gas as 
c = ( g c k R T ) 1 / 2 (3.25) 
where: 
c = speed of sound in the vapor 
k = ratio of vapor specific heat 
R = vapor gas constant 
T = vapor temperature 
Although it is realized that nitrogen does not behave 
as an ideal gas, this assumption may be made in an approxi­
mation of the sonic-limitation. The continuity equation 
gives: 
= A x p y U y (3.26) 




m y = 
P V 
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= vapor space cross sectional area. 
As stated earlier, the assumption is made that the total 
energy input to the pipe is taken up by phase change of the 
working fluid. Recalling Eq. (3.9) 
• _ Q m (3.9) 
Obviously, the maximum mass flow rate in the vapor space 
gives the maximum value of heat transfer. This maximum heat 
transfer rate under these conditions shall be referred to as 





The maximum mass flow rate is given by Eq. (3.26) when 
" v = c 
Umax* the vapor velocity at which sonic conditions 
are reached. Therefore, combining these equations yields: 
Q SL = hfg A x pV I«c K R T ] 
1/2 Btu 
hr (3.28) 
The computer program used to calculate Qg^ and the resulting 
computer output is given in Appendix E. 
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CHAPTER IV 
PARAMETRIC DISCUSSION AND RESULTS 
A. Objective 
The purpose of this chapter is to discuss the influ­
ence of wick composition on heat pipe performance. In 
addition, the values of several performance parameters 
obtained from this study will be compared with published 
results of investigations involving heat pipes of similar 
design. 
B. Discussion of Performance Parameters 
There are several design parameters which may be 
varied in an attempt to optimize the heat pipe performance. 
These parameters include geometry, working fluid, material, 
and wick composition. However, as was stated in Chapter II, 
these parameters were fixed by the sponsoring agency, with 
the exception of wick composition. Therefore, this study 
focuses on the performance of a heat pipe of a single design 
employing several different wick compositions. Table 2, in 
describing these compositions, gives the properties and 
important physical dimensions of the screen composing each 
component of the composite wick system. 
Figures 16 and 17 show, for wick compositions 1 and 
6, respectively, thermal resistances of each heat pipe 
4 9 
Figure 16. Thermal Resistances Versus Vapor Temperature 
Wick Composition 1 
50 
Figure 17. Thermal Resistances Versus Vapor Temperature 
Wick Composition 6 
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component and total thermal resistances over the temperature 
range 120°R < T < 225°R. It is seen that the largest 
component of the total thermal resistance is that of the 
pipe wall at the heat transfer sections. The interfacial 
resistances and vapor resistance at the higher vapor tempera­
tures , on the other hand, add little to this total. There­
fore, it appears that the heat pipe is a high heat transfer 
device of almost negligible internal thermal resistance. A 
comparison of these two figures also points out the finding 
of this study that the thermal resistance of the heat pipe 
has little dependence on wick composition. The total thermal 
resistance of the heat pipe is an important parameter in 
calculating the theoretical nonrestricted heat transfer rate. 
Figure 18 is a plot of capillary-limited heat transfer 
rate, (J^* versus vapor temperature for wick compositions 1, 
3, 4, and 6. By recognizing that the capillary limitation 
forms the upper boundary of the heat transport capability 
of the pipe, one realizes the substantial influence which 
the wick composition has on the overall heat pipe performance. 
This influence is governed by the liquid transport capability 
of the composite wick. The heat transfer rate versus vapor 
temperature plots depicted by Figs. 19 and 20 show several 
lines of constant driving potential as a parameter. The 
capillary limitation on the performance of the heat pipe is 
indicated on each figure. For wick composition 6, a maximum 
heat transfer rate of approximately 100 Btu's per hour is 
1 I i i L _ I L 1— 
120 140 160 180 200 220 
Indicates wick composition, see Table 1 
Figure 18. Capillary-Limited Heat Transfer Rate 
Versus Vapor Temperature 
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500 
Figure 19. Constant Driving 
Wick Composition 






Figure 20. Constant Driving Potential Performance Chart 
Wick Composition 6 
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obtained with a driving potential of two degrees Rankine 
and a vapor temperature of approximately 160 degrees Rankine. 
This is the maximum rate of heat transfer obtained in this 
study. 
Figures 21 and 22 show plots of heat transfer rate 
versus temperature difference with lines of constant vapor 
temperature plotted as the parameter. The capillary-limited 
heat transfer rate is indicated on each line of constant 
vapor temperature. The plots shown in Figs. 19 through 22 
are useful tools for predicting the performance of cryogenic 
heat pipes of this design. 
Figure 23 shows as a function of working fluid vapor 
pressure for several wick compositions capillary-limited 
heat transfer rates. This plot is helpful in designing the 
heat pipe container to withstand high internal pressures at 
various heat transfer loads,, 
Figures 24 through 27 illustrate the effective thermal 
conductivity of the pipe versus vapor temperature for wick 
compositions 1, 3, 5 and 6, respectively. In these figures, 
the heat transfer driving potential is plotted as a parameter. 
The maximum effective thermal conductivity is obtained with 
wick composition 6. For comparison, the thermal conductivity 
of copper [30] is also shown in Fig. 26. A sample calcula­
tion illustrating the method used in determining the 
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Figure 21. Constant Vapor Temperature Performance Chart 
Wick Composition 5 
Figure 22. Constant Vapor Temperature Performance 
Chart, Wick Composition 6 
Indicates Wick Composition, see Table 1 
Figure 23. Fluid Vapor Pressure Versus Capillary-Limited 
Heat Transfer Rate 
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Figure 24. Effective Thermal Conductivity Versus 
Vapor Temperature, Wick Composition 1 
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Figure 25. Effective Thermal Conductivity Versus 
Vapor Temperature, Wick Composition 3 
Figure 26. Effective Thermal Conductivity 
Versus Vapor Temperature 
Wick Composition 5 
Figure 27. Effective Thermal Conductivity Versus 
Vapor Temperature, Wick Composition 6 
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A useful parameter for heat pipe comparison--and one 
often found in the literature--is that given by multiplying 
the capillary-limited heat transfer rate by the effective 
length of the pipe (see Appendix K). This parameter, 
referred to as the heat transfer capability, is plotted 
versus vapor temperature in Fig. 28. The maximum heat 
transfer capability is obtained with wick composition 6, at 
a vapor temperature of 160 degrees Rankine. 
A plot of the sonic-limited heat transfer rate versus 
vapor pressure is shown by Fig. 29 for wick compositions 1 
and 5. This figure shows that the sonic limitation on the 
heat transfer capability of the pipe is much greater than 
that, imposed by the capillary structure at all values of 
vapor temperature. Therefore, no influence on the perfor­
mance of the pipe due to the sonic limitation is expected. 
The design charts shown in Figs. 30 and 31 were 
constructed from the data obtained by using wick compositions 
4 and 6, respectively, in the wick model programs. In 
these figures, the temperature difference between the 
evaporator and condenser is plotted versus condenser tempera­
ture, with lines of constant heat transfer rate plotted as a 
parameter. The broken line shown in each figure is the 
performance limitation imposed by the capillary structure 
for the corresponding wick composition. Thus, these charts 
graphically illustrate the capillary limitation envelope 
which forms the boundaries of the region of operation of the 
Figure 2 8 . Heat Transfer Capability Versus 
Vapor Temperature 
120 140 160 180 200 220 
T v [°R] 
Indicates wick composition, see Table 1 
Figure 29. Sonic-Limited Heat Transfer Rate 
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Figure 31. Performance Envelope Chart 
Wick Composition 6 
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heat pipe. 
C. Comparison with Published Data 
Since the range of application of the cryogenic heat 
pipe is narrow, the extent of investigation of this device 
is somewhat restricted. Therefore, the amount of published 
data on its performance is less abundant than that for heat 
pipes intended for use in the higher temperature ranges. 
However, the literature does offer several excellent 
theoretical [1,2,15,17] and experimental studies [3,13,14] 
on cryogenic heat pipes. Table 3 compares the physical 
characteristics of heat pipes investigated by several 
authorities with those of the heat pipe considered in this 
study. This table is offered for convenient comparison of 
the heat pipe physical characteristics. 
Figure 32 is a comparison of the capillary-limited 
heat transfer rate for three wick compositions investigated 
in this study with values of the same parameter taken from 
[2] and [15]. 
As indicated by Fig. 32, the capillary-limited heat 
transfer rate predicted in this study is within the bounds 
set by the data taken from the literature. It is also 
interesting to note the similarity, in the shape of the data 
curves compared in Fig. 32. 
Figure 33 shows the effective thermal conductivity 
obtained in this study corresponding to wick composition 1 
Table 3. Physical Description of Heat Pipes Compared 
Ref. Inner Radius 
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"̂""̂  Indicates wick composition, see Table 1 
Indicates reference, see Table 2 
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Figure 33. Comparison of Effective Thermal Conductivity: 
Wick Composition 1 with Data from Reference [3] 
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and to a temperature difference of two degrees Rankine, 
compared to data taken from Ref. [3], This comparison is 
not highly favorable and indicates an area where additional 
experimental data would be beneficial. 
Somewhat more favorable results are indicated by 
Fig. 34. Here the values of the heat transport capability, 
obtained for two Wick compositions considered in this work, 
are compared with data taken from Refs. [1, 12, and 17]. As 
shown by the figure, good agreement with the data taken from 
Ref. [1] was obtained. • 
Figure 35 is a plot of the heat transfer rate versus 
temperature difference, comparing data from Refs. [3, 14, 
and 15] with that obtained in this study for wick composition 
6 and a vapor temperature of 160 degrees Rankine. As 
indicated by the figure, similar but considerably more opti­
mistic predictions are made by this work as to the driving 
potential required for an equivalent heat transport rate. 
The discrepancy between the findings of this study 
and the data found in the literature is, in some comparisons, 
considerable. This discrepancy is attributable to the wide 
differences in the design of the heat pipes compared. In 
particular, some of the published data comes from studies 
using heat pipes with relatively thick circumferential 
wicks [3].. This added thickness in the capillary structure 
plus partial dry-out results in an increase in the thermal 
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Indicates wick composition, see Table 1 
Indicates reference, see Table 2 
Figure 34. Comparison of Heat Transfer Capability 
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500 
Figure 35. Comparison of Heat Transfer Rate Versus AT for 
Various Studies. Wick Composition 6, Ty = 160°R 
packing of the several screen layers in the circumferential 
wick is another factor which tends to increase the thermal 
resistance by leaving internal voids in the porous media. 
In addition,to these factors, the conservative theoretical 
approach taken in this study may have contributed substan­
tially to the. discrepancy. 
D. Results of Study 
The contribution made by this study is the three 
computer programs which model the composite wick systems 
(see Appendices C, D, and E ) . These programs were written 
to facilitate alterations being made in the composite slab 
and circumferential wicks. Thus the wick composition 
corresponding to the optimum heat pipe performance may be 
determined by a trial and error procedure. Desired wick 
changes are simply input to the digital computer, which 
calculates not only the performance limitations, but also 
the thermal resistance of each heat pipe component. Inter­
pretation of the resulting data leads to design charts and 
graphs useful for predicting the heat pipe performance. 
Table 4 gives a summary of the capillary-limited heat 
transfer rates obtained for several wick compositions studied 
at different values of vapor temperature. The data given by 
Table 4 indicates a capillary-limited heat transfer rate 
greater than 35 Btu's per hour, a maximum requirement 
suggested by NASA, for four of the six wick compositions 
Table 4. Summary, of Heat Pipe Performance Using 
Different Wick Compositions 
Wick 
Composition Slab Circumferential 
Number Surface Screen Interior Screen Evap. Screen Cond. Screen Vapor Q_ ^ u 
Mesh n A Mesh n g Mesh n c Mesh n c Temp.°R G L h r 
1 250 2 100 8 250 1 250 1 160 2.35 
3 400 2 50 5 400 1 400 1 150 37.48 
160 36.17 
170 32.01 
4 400 2 30 4 400 1 400 1 15.0 72.01 
160 70.17 
170 62.52 
5 400 2 30 6 400 1 400 1 150 75.2 
160 74.64 
170 67.63 





considered. Table 4 also points out the strong dependency 
of the pipe performance on the liquid transport capability 
of the porous structure. 
This work represents the initial step taken at the 
Georgia Institute of Technology in a program aimed at 
developing the capability of predicting cryogenic heat pipe 
performance. Much remains to be done. The next step is to 
include in the model provisions for accounting for partial 
capillary structure dry-out and vapor Reynolds number 
effects. To accomplish this, the work of Williams and 
Colwell [13] will be incorporated with this study. 
It should also be pointed out that concurrent transient 
cryogenic heat pipe studies are being conducted by Colwell 
and associates at Georgia Tech. These studies of the non-
steady state operation of the heat pipe are being performed 
with the aid of an analog computer. 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
A. Conclusions 
The conclusion drawn from this theoretical study is 
that the use of a composite wick system provides an effec­
tive means of improving the liquid transport capability of 
the capillary structure in heat pipes. Therefore, the heat 
transfer performance of the heat pipe may be improved by 
employing such a porous media. In addition, it is concluded 
that a composite capillary structure capable of meeting the 
geometric and performance specifications suggested by the 
sponsoring agency is feasible. 
•B. Recommendations for Future Study 
It is recommended that future studies in this field 
take into account the following concepts in order to improve 
theoretical predictions of cryogenic heat pipe performance: 
1. Partial dryout of the capillary structure in the 
circumferential and axial directions. This could be 
accounted for by incorporating the work of Williams and 
Colwell [13*]'. 
2. Reynolds number effects in the vapor region should 
be accounted for. Again, the studies conducted by Williams 
and Colwell may prove valuable in this area. 
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3. The effects on performance of using grooved 
evaporator and condenser surfaces in conjunction with the 
composite slab and circumferential wick system should be 
investigated. 
4. The transient or non-steady state operation. The 
time-dependent equations governing the heat pipe performance 
should be modeled using an analog computer. 
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DISCUSSION OF SCREEN PROPERTIES 
Of paramount importance in any attempt to model a 
composite wick system are the screen properties. Of particular 
interest is the group of properties which govern flow of 
liquid through the screen. This group includes porosity, 
pore radius, wire diameter, and permeability. Considerable 
variations of these properties are reported in the literature. 
For this reason, data obtained from several references is 
presented in tables and graphs included in this appendix. 
The corresponding number of the reference from which the data 
was taken is indicated in the title of each table. 
The screen property permeability, K 1, has considerable 
influence on the mechanism of liquid flow through the screen. 
Convenience dictates the use of the inverse permeability, 
sometimes referred to as the friction factor, defined as: 
ft" 2 (A-l) 
It should be pointed out that the inverse permeability of a 
mesh screen may be based on either the liquid pore velocity 
or on the liquid approach Velocity. Converting a value of 
inverse permeability based on pore velocity to the 
86 
corresponding value based on approach velocity is accomplished 
by dividing the former by the porosity of the screen. Thus: 
1/K* 
= P ° r e = 1 CA-2) 
app <- i K ' o r e 
where 
^pore = P e r m e a b i l i t y based on pore velocity 
^app = ^ n v e r s e permeability based on approach 
velocity. 
All values of permeability used in this study are based on 
the liquid approach velocity. 
Ferrell [20] gives the following equation for calcu­
lating the permeability of a mesh screen: 
,2 3 
Kpore = ~ — 2 C^-" 3') 
p o r e 122 (l-e) Z 
The porosity, e, may be evaluated from the equation: 
where 
d = wire diameter (in) 
F = crimping factor (1.05) 
M = number of wires per inch (in ^) (mesh number) 
Data given by Armour [21] on wire diameter, screen thickness, 
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and pore radius for various mesh number screens are used in 
Eqs. (A-3) and (A-4) to yield the screen properties used in 
this study. A complete listing of these values is shown by 
Table 5. The values of porosity and inverse permeability 
used in this study are graphically presented in Fig. 39. 
By using the values of porosity given by Armour [21] 
in Eq. (A-4), the property values shown in Table 6 are 
obtained. Likewise, Fig. 40 graphically illustrates the 
porosity and inverse permeability obtained by this procedure. 
A comparison of Fig. 39 and Fig. 40 points put a considerable 
difference in these important screen properties calculated 
by the two procedures described above. 
Tables 7 through 11 show values of screen properties 
for various mesh sizes taken from the literature. 
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Table 5. Screen Data Used in 
Based on Information 











FtxlO3 FtxlO 4 
Porosity K' (£t2)xl0 pore 
30 11.68 2.04 3.419 .6532 25.9123 
50 7.32 1.47 3.009 . 6378 8.6861 
70 7.61 1.368 2.600 .4728 1.80506 
100 5.35 1.03 2.143 .4706 .87 2 37 
150 3.01 .50 1.625 . 5532 .62978 
200 2.07 .3705 1.3325 . 5903 .43039 
250 1.58 .284 1.176 .6091 .30261 
325 1.30 .267 1.00 . 5820 .15628 
400 1. 02 .244 .625 .5960 .110616 
Mesh 
Size K (ft~
2)xl0~9 K pore ^ • 
* = pore ( f t-2 -9 
)xl0 y 
30 .0385917 .059081 
50 .115126 .18050 
70 .55399 1.1717 
100 1.1463 2.4358 
150 1.5879 2.8704 
200 2.3235 3.9361 
250 3.3046 5.4254 
325 6.398 8 10.995 
400 9.0403 15.168 
9 
Based on liquid approach velocity 
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Table 7. Screen Properties from Reference [22] 
Mesh Size Wire Dia. Pore Radius ~ . ̂  „* . . Porosity K 
Ftx.10 4 Ft x 10 
-2 -9 ( f t . ) x l 0 
200 (brz) 1.833 2.417 .67 4.5179 
200 (nickel) 1.833 2.417 .67 2.6716 
32 5 1.00 1.417 .67 7.0493 
Table 8. Screen Properties from Reference [24] 
Mesh Size Pore Radius (ft)104 K* (ft'2 -Q )xl0 y 
200 (nickel) 2.1 1. 21 
200 (SS) 1.9 1. 79 
* 
Based on approach velocity 
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Table 9. Screen Properties from Reference [23] 
Mesh Size 
Wire Dia. 
(Ft) x 1 0 4 
Pore Radius 
(Ft) x 1 0 4 Porosity K* (Ft" 
2 -9 Z)xl0 y 
125 (ni) 2.08 4.166 .60 1. 083 
























(Ft x 103) 
Pore Radius 
Ft x 10 4 Porosity K*(ft"
2)xl0~ 
50 7.50 8.833 3.0176 .625 .2240 
100 3.75 1.4973 .679 .89838 
150 2.50 6.6667 .678 1.3274 
2 00 1.833 1.0119 .676 1.7751 
9 
Based on approach velocity 
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Figure 36. Inverse Permeability and Porosity 
Versus Screen Mesh Size Used in 
this Study 
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Figure 37. Inverse Permeability and Porosity 
from Reference [21] 
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APPENDIX B 
THERMODYNAMIC PROPERTY EQUATIONS 
1. Nitrogen Property Equations 
The following polynomial equations describing the 
thermodynamic properties of nitrogen, the working fluid, 
and the thermal conductivity of 304 stainless steel as func­
tions of temperature were generated by using a least squares 
regression analysis "curve fit" program on the Wang 720 
calculating machine. Data used in this program were taken 
from Refs. [12,30,28, and 39]. 
T = temperature in degrees Rankine 
2 
Vapor Pressure [lb£/ft ] 
P y = 1.71041xlO~ 6(T) 5 - 1.20901xlO~ 3(T) 4 + 3.71275x10~ 1(T) 3 
- 5.70868xl0(T) 2 + 4.28513xl0 3(T) - 1.25125xl0 5 
Density [lb /ft 3] — — — L m J 
P L = - 5.8917xl0' 1 3(T) 7 + 4.50297xl0" 1 0(T) 6 - 1.15298x10' 7(T) 5 
+ 4. 95327xl0" 6(T) 4 + 2.9749x10" 3(T) 3 - 5.98552x10" 1 (T) 2 
+ 4.54425xl0(T) -1.21455xl0 3 
P v = 1.39324xl0" i 3(T) 7 - 1. 042325xlCl"10 (T) 6 + 2 . 638736xl0" 8 (T) 5 
- 1.14015xlO" 6(T) 4 - 6.78395xlC!" 4CT) 3 + 1. 385389x10 _ 1 (T) 2 
- 1.07628xlO(T) + 3.10045xl0 2 
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Viscosity [(lb f-sec)/ft 2] 
U y = 8.55910xl0' 2 1(T) 7 - 6.55918xl0" 1 8(T) 6 + 1.70105x10" 1 5(T) 5 
- 8.08553xl0~ 1 4(T) 4 - 4.27309X10" 1 1(T) 3 + 8.90377x10" 9(T) 2 
- 6.94007xlO" 7(T) + 1.99577X10" 5 
U L = - 4.48282xl0" 1 4(T) 4 + 2.34251X10" 1 1(T) 3 
- 3.55312xl0" 9(T) 2 + 3.14221x10" 8 (T) + 2.16226xl0~ 5 
Thermal Conductivity [j—• f t oftl of liquid nitrogen 
k L = 1.0970566xl0" 1 1(T) 5 - 9.2427627xl0~ 9(T) 4 + 3.090593xl0 - 6(T) 
- 5.1457532xl0" 4(T) 2 + 4.2210737x10" 2(T) - 1.26105 
Heat of Vaporization [Btu/lb m] 
h £ g = - 4.11334xlO" i : L(T) 6 + 2.0908xlO' 8(T) 5 - 1.43119x10" 6 (T) 4 
- 1.03235xl0' 3(T) 3 + 2.61594xl0~ 1(T) 2 - 2.40246x10(T) 
+ 8.89614xl0 2 
Surface Tension [lb^/ft] 
a = 6.70239xl0" 1 2(T) 4 - 4.60497x10" 9(T) 3 + 1.19096xl0" 6(T) 2 
- 1.44813xlO" 4(T) + 7.58324xl0' 3 
B t u 
Thermal Conductivity of 304 stainless steel [hy-ft°R^ 
Ratio of specific heats of nitrogen 
k = 1.572403xl0' 6(T) 2 - 8.6844907xl0" 4(T) + 1.52913275 
2. Thermal Conductivity of Pipe Material 
The following equation for the thermal conductivity 
of 304 stainless steel was obtained by using data from [24] 
in the curve fit program described above. 
k p = -4.02016xl0' 5(T) 2+3.20878xl0" 2CT)+1.30266 Btu ft hr °R 
where T = temperature in degrees Rankine. 
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APPENDIX C 
COMPUTER PROGRAM USED TO CALCULATE 
THE THERMAL RESISTANCES 
The computer program seen In this appendix gives 
values of the parameters used in calculating the thermal 
resistances of each heat pipe component. A sample computer 
output is also given. 
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READ: 6C' rp' Dws' 6T 
I « 1 
T c(l) - HO 
I = 1+1 
T C(I) - T(I-1)+10 
J - 1 
T e ( 1 ) " T c ( I ) 
J » J+l 
T e(J). - T e(J-l)*.S COMPUTE: Average vapor TE temp., thermal resistances, unrestricted heat transfer rate 
No 
No 
Yes WRITE: T 3,k W 2,k W 5,R p e,R w e,R i e,R v,R i e,R. '•max 
(Stop) 
Figure 38. Flow Diagram of Computer Program Used for 
Calculating the Thermal Resistance 
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COMPUTER PROGRAM: 
I : D I M E N S I C N T C ( 2 0 ) . T E C 20)Yl3t 2 0 ) . X L A M T O T 2 0 ) . 'XK'P'THL 2ti) / r ̂  
• 2 : I N M C V T ^ F < 3 L » P H E L T 3 C ? r j . R P F J C C ) T H V ( C C J T I I P C I 2 C R T T H > 1 T C L 2 0 J T 
4 : 3 X L A M T 5 ( 2 0 ) . X K A Y T 2 ( 2 0 ) I X U Y T 5 1 2 0 ) . V P R E T 2 L 2 0 L T V P R E T C L 2 0 ) T 
5 : 4 D T 5 I 2 0 ) » X K V / T 2 I 2 0 ) F X K W T F C L 2 0 ) » R W E ( 2 0 ) » R I E ( 2 0 ) T H I C L 2 0 ) I " 
6 : O X M U V T 3 ( 2 0 L . D T 2 F 2 C ) 9 R W C T 2 C ) . X I J M T 2 L 2 0 ) » X K P T C ( 2 0 ) 
7 : W P I T E C 6 , 9 0 0 ) 
8 : 9 0 0 F O R M A T ! H I . ' E N T E R : T H I C K N E S S O F C - L A Y I P C F T ) • ) 
9 . R E A ' D C C T I J J J T L C 
I C : W R I T E . 6 » 9 3 I ) 
1 1 : 9 0 1 F O R M A T C I H , 9 X , • P O R E P A D L U S ( F T ) • ) 
1 2 : R F / D ( 5 T I ) R P C R E 
1 3 : W R I T K I 6 T 9 0 2 ) 
1 4 : 9 0 2 F O R M A T I I H » 9 X » I W I R E D I A M E T E R L F L ) ° ) 
. 1 5 : P E A L I £ » . L L D W I P E 
L-p: W P I T K 6 . 9 0 3 ) 
1 7 : 9 0 3 F O R M A T ! I H , 9 X I • T O T A L T H I C K N E S S C F S L A B I F T ) * ) 
I B : R E A D I 5 . D D E L T 
1 9 : I F O R M A T ( ) 
2 0 : P A = - 0 2 0 8 
2 1 : R B = . 0 I 7 
2 2 : F L = - 5 
2 ? : C L = I • 
7 4 : - P = 3 « 1 4 I £ 9 2 6 5 4 
2 , C : T C I M - L 1 0 . 
2 6 : D C 1 0 1 = 2 , 1 2 
2 7 : T C C I ) = T C ( I - L ) + 1 0 . 
2 8 : T K L I ) = T C L I ) 
2 9 : D C 2 0 . J = 2 » 2 I 
.?0:- T E ! . M - T E ( . J - L ) + » C 
3 1 : T S I . H S L C U I + L T T E U J - T C ( I ) ) / J E L + C L ) ) * E L 
? ? : T 2 T J ) = T 3 U ) 
3 3 : T S ( J ) = T 2 ( J ) 
3 4 : X K P T ? J J ) = - 4 . 0 2 0 L 6 F - £ * T F ( J ) * * 2 + 3 . 2 0 D 7 6 H - 2 * T E F J ) + 1 . 3 0 2 6 6 
Zti X K P T C C J J = - 4 . 0 2 0 L 6 T - B * T C L L ) * * 2 + O . 2 0 & 7 6 E - 2 * T C L I ) + I . 3 0 2 6 6 
3 6 : X K P T 2 ( J ) = - 4 . 0 2 0 L 6 R - ^ T 2 ( J ) * * 2 + 3 . 2 0 O 7 8 L - 2 * T 2 ( J ) + 1 . 3 0 2 6 6 
3 7 : X K P T 5 . I J ) = = - 4 . 0 2 0 I 6 E - O * T 5 ( . })** 2 + 3 - 2 C 8 7 8 E - 2 * T C F J ) + 1 . 3 0 2 6 6 . 
3 B : X L A M T 2 < .1 I = - 4 • I I 3 3 4 E - H * 7 2 < .1 ) * * & + 2 . C 9 C 8 E - 8 * T 2 F J ) * * 5 
3 9 : ' , 1 - 1 « 4 3 L I 9 E - 6 * T 2 < J ) * * 4 - I • 0 3 2 3 6 E - 3 * T 2 C J ) * * 3 + 2 * 6 I £ 9 4 E - I * T 2 ( J ) * * 2 
4 0 : 2 - 2 4 • 0 2 4 6 * T 2 C . 1 ) + 8 . 8 9 6 1 4 E 2 
4 1 : X L A H T 3 1 J ) = - 4 « N 3 3 4 E - I I * T 3 ( J J * * 6 + 2 » C 9 C 8 E - 8 * T 3 L J 1 * * 5 
^ 4 2 : T - L - 4 3 1 » 9 E - 6 * T 3 ( J ) * * 4 - L . 0 3 2 3 5 E - 3 * T 3 ( J J * * 3 + 2 « 6 1 * T 3 ( J ) * * 2 
4 3 : 2 - 2 4 . 0 2 4 6 * T 3 ( J ) + 8 » 0 9 6 1 4 E 2 
4 4 : X L A M T 5 L .1 ) = - 4 • I 1 3 3 4 E - I I * T B I J ) * * 6 + 2 . 0 9 0 8 E - 8 * T 5 L J ) * * 5 
4 5 : I - 1 . 4 3 . 1 1 9 E - 6 * 1 FTI J ) ** 4 - 1 . 0 3 2 3 5 E - 3 * T S I J ) * * 3 + 2 * 6 1 5 9 4 E - I * T O T J ) * * 2 
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4 6 : 2 - 2 4 . 0 2 4 6 * T 5 U » + 8 - 8 9 6 L 4 K 2 
4 7 : . R H C V T 3 L J L A I - ^ 2 2 4 F C - « ^ ? I 3 c J l * * 7 - . L - 0 4 < S 2 F C F C - 1 C * T 3 f Jl**6 •' 
4 8 : 1 + 2 - 63B7361i-8*T3LJL**&-1 • 1 4 0 I 5 L - 6 * ' 1 3 ( J l**4-'6- 7 8 3 9 5 E - 4 * T 3 ( J 1**3 
49: •2+l-3n53Q9Jrl*T3I.J>**Z--IC-7628*T3I.Jl + . 3 » » C C 4 B K , 2 • 
5 0 : W I C L T ? 4 J ) * - 5 « Q 9 » 7 > > L 3 » T 3 I . I ) ' * * 7 + ' 4 - 8 G 2 9 7 F C R L C * , I 3 L J L . * * 6 
5 1 : - • I 5 2 9 8 E - 7 * T 3 ( J ) * * 5 + 4 - 9 5 3 2 7 E - 6 * T 3 C J L * * 4 + . 2 - Y 7 4 9 T - 3 * T 3 T J )**3 
5 2 : . 2 - 5 - 9 8 5 5 2 E - L * T 3 m * * 2 + 4 - 5 4 4 2 5 E I * T 3 J J > - L - 2 L 4 5 5 E 3 
53: ' X M U V T ? < J ) - 8 - 5 5 9 1 E - 2 1* T 3 L J - ) * * 7 - 6 - 5 6 9 1 8 E - IQ*T3l J )**6 
5 4 : 1 + 1 . 7 0 J 0 5 E - ( 5 * T 3 ( J ) * * 5 - 8 - 0 a 5 5 3 E - » 4 * T 3 L J)**4 
5 5 : 2 - 4 - 2 7 3 0 9 E - 1 L * T 3 ( J > * * 2 F 8 - 9 0 3 7 ? E - 9 * T 3 L J ) * * 2 
5 6 : 3 - 6 - 9 4 0 0 7 K - ? * T 3 « .1.1+ • - 9 9 5 7 7 E - S 
5 7 : XK/»YT2CJ|A|.C97C566E-H*T2!J)..**5-9-2427e271fi-9*T2LJI**4' 
5 8 : L + 3 - 0 9 0 5 9 3 E - 6 * T 2 ( J > * * 3 - 5 - 1 4 £ 7 5 3 2 E - 4 * T 2 ( J)**2 
5 9 : 2 + 4 - 2 2 I 0737E-2*T2< J)-1 . 2 6 1 0 5 
6 0 : X K A Y T 5 < . J I « I - G 9 7 0 5 6 6 E - H * T 5 < J ) * * 5 - 9 - 2 4 2 7 6 2 7 E - 9 * T 5 L J >**4 
6 1 : L + 3 - 0 9 0 5 9 3 E - 6 * T 5 ( J 1 * * 3 - 5 - 1 4 5 7 5 3 2 E - 4 * T 5 T J ) * * 2 
6 2 : . 2 + 4 - 2 2 1 0 7 3 7 E - 2 * T 5 ( . M - I - 2 6 1 0 5 
6 3 : P W S « D W I N E / 2 -
6 4 : R O P B - D K L C 
6 5 : V P R E T 2 1 J I - I - 7 1 0 4 1 E - 6 * T 2 ( J 1 * * 5 - I - 2 0 9 0 1 E - 3 * T 2 < J >**4 
R : I + 3 - 7 I 2 7 5 E - L * T 2 C J 1 * * 3 - 6 - 7 0 8 6 8 1 ' , I * T 2 D J 1 * * 2 
6 7 : 2+ 4 • 2 8 5 1 3 FC3* T 2 U J - I » 2 5 1 2 5 E 5 1 
6 8 : V P F 1 T 5 C J ) = L . - 7 1 0 4 1 E - 6 * T 5 U 1 * * 5 - I - 2 0 9 0 1 E - 3 * T 5 ( J 1**4 
' 6 9 : 1 + 3 - 7 1 2 7 5 E - L * T 5 ( J ) * * 3 - 5 - 7 0 8 6 9 E L * T 5 < JJ**2 
7 0 : 2 + 4 - 2 8 5 1 3 E 3 * T 5 ( J J - I - 2 5 1 2 5 E 5 
7 1 : / L = P P C P I / P W S + I • 
7 2 : B = * R W S / R P C R E + I -
7 3 : C = P P C P E / R W S - I -
7 4 : D T 2 C . J ) = X K / I Y T 2 F J J / X R C P T 2 U > 
7 5 : I ; T 5 U ) = X K / Y T a . ) ) / X K P T 5 ( J I 
7 6 : X K W T 2 1 J ) = X K A Y T 2 L J ) * ( I - / L / ! * ( 2 - * D T 2 L J 1 + C L 1 + 
7 7 : I ? - / ! A * I / T 2 L . J . J * B L + . B * * - 2 L 
7 8 : X K < " T 5 T J . ) = X K / > Y T 5 ( . ) ) * ! I - Y M * ( 2 - * D T 5 ( J 1 + C M + 
7 9 : 1 2 - / 1 A * D T F C I J > * & > + B * * - 2 ) 
8 0 : P = L P * R B * * 2 - 2 - * R F * B E L T ) / « P * 2 • * H H - 2 - * L » E L , I + 4 - * P B » 
8 1 : R P E U ) = A L C G L R A / P B ) / 2 - / P / X K P T R C J L / E L 
8 2 : P W > - | " . J ) = A L C G ( R B / R C ) / 2 - / P / X K V T 2 ! J ) / E L 
8 3 : P I E I J J - 5 - I 3 3 8 0 L - 6 * T 2 I J »**2 - 5 / F F C / E L / V P B E T 2 ( J L / X ' U M ' T 2 F J 1 * * 2 
8 4 : R V ( . J ) = 2 - 0 4 5 6 9 E - 6 * X M L ) V T 3 L . n * T 3 ( J L * ( I • /I?l 1 C V T 3 L J 1 I • / R H C L T 3 I J. ) ) 
8 5 : » / P H 0 V T 3 ( J L / X L m 3 ( J » * * 2 / R * * 4 
8 6 : R I C F J ) = 6 - I 3 3 8 0 E - 6 * T 5 ( J L * * 2 - 5 / R C / e L / V P P E T 5 ( J ) / X L A M T 6 ( J 1**2 
8 7 : R V / C C J L = M , G 0 T R B / R C R / 2 - / P / X K W T S L J ) / C L 
6 8 : P P C « J » = / » L C G ! P A / R B L / 2 - / P / X K P T C < J ) / C L 
8 9 : T F M T C F .J) = T E C J L - I C C 1 1 
9 0 : S U M P C J I-=s-PPE( J H R V ' E C J 1 + R L E ( J L + R V I J ) + R L C T J 1 + R V J C U ) + R P C L J ) 
9 1 : 0 2 U J = T E M ' T C F J L / S U M R C J I 
9 2 : 2 0 C O N T I N U E 
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9 3 : W P I T E L 6 . 8 C C . I T C I I ) 
9 4 : 8 0 0 F O R M A T ! I H I , * C C N D E N S E R T E M P E R A T U B E I J ) IF I> RANK • ) V I I P L I 2 . 3 T / / / ) 
9 5 : W R I T E L 6 , 8 0 1 ) 
9 6 : 8 0 1 FORMA TL I H , 5 X , • • T E , , 9 X . • T 3 * . 6 X T • X K W T Z S 5 X , ' X K W T 5 % 
9 7 : I 5 X . V R P F S 7 X , ' R V E S E X T ' R I E : . / ) 
9 8 : W R I T E ! 6 . 8 0 2 ) 1 T E L K ) , T 3 I K ) , XK WT2L K ) . XK V»T5L K I , RPEL K ) » 
9 9 1 I KWEF K I » R I BCK I » K = 2 » 2 I > 
L . T T ^ O J FORM A T I I H , I P 7 E I 0 . 3 ) 
I F I : .. W R I T E ! 6 . 1 0 0 ) 1 
1 0 2 : » 0 0 JCRM A T I I H . 7 0 1 I H - ) . / / / ) 
1 0 ? : W R I T E L 6 > 8 0 3 ) 
R 4 : P 0 ? FORM A TL I I I » 5 X . ' T E » , 9 X , • RV • . 7 X » • R I C • . ? X » • R W C 1 6 X . • R P C V 
! 7 X T • T HIT T C • . O X . • XK P T E • . / 1 
I ' P : • • • ' R ' L T H I 6 , 8 0 2 ) 1 T E L K ) . RVL K 1 1 RL.CL K I • RVICL K >» RPCL K J # 
I " 7 : I T F M T C ( K ) , X K P T E I K ) , K = 2 , 2 L ) 
N < : ' - ' R T T I - I 6 , I O O ) 
I " 9 : W P H M 6 , 8 0 4 ) 
I L ~ : 8 ~ 4 FORMA T I I H . , 5 X » • T E • » 7 X » ' X K P T C S B X , ' X K P T Z S O X , ' X K P T A S 
I I I : I J?X • SHM FI • »4 X • CJ- ^ TIJ/-H 
1 1 2 : W R I T E ! 6 , 8 0 5 ) 1 T E I K ) , X K P T C « K ) » X K P T 2 I K ) , X K P T 5 L K ) , 
I I ?: I SUM P I K 1 . 0 2 ! K I » K - 2 » 2 I I 
I M : 8 0 5 E C W A T I I H , I P 6 H C 3 ) 
M . 1 : W P I T E I 6 , 1 0 0 ) 
M 6 : I 0 C O N T I N U E 
1 1 7 : S T O P 
1 1 8 : ' E N D 
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Wick Composition 6 
F N T F . P : T H I C K N E S S C F C - L A Y E P I F T ) 
4 * P 8 F - 4 
6 * 2 5 E - 5 
I * 0 2 F - 4 
I I • 1 7 6 1 - 3 
P O P E R A D I U S ! F T ) 
W I P E D I A M E T E R ( F T ) 
T C T A L T H I C K N E S S C F S L A B « F T ) 
C O N D E N S E R T E M P E R A T U R E J D E C R A N K . ) 
T E T 3 X K W T 2 X K W T S R P E R W E H I E 
I • CC Y + K,C 
I • 2 4 0 + 0 2 
1 . 2 6 0 + 0 2 
1 . 2 8 0 + 0 2 
I • 3 0 0 + 0 2 
1 . 2 0 7 + 0 2 2 - 4 5 3 + 0 0 
1 - 2 1 3 + 0 2 2 - 4 6 0 + 0 0 
1 . 2 2 0 + 0 2 2 . 4 6 7 + 0 0 
I . 2 2 7 + 0 2 2 - 4 7 4 + 0 0 
1 . 2 3 3 + 0 2 2 . 4 8 1 + 0 0 
2 . 4 6 3 + 0 0 
2 . 4 6 0 + 0 0 
2 - 4 6 7 + 0 0 
2 - 4 7 4 + 0 0 
2 - 4 8 1 + 0 0 
I - 1 9 0 - 0 2 
I . 1 7 9 - 0 2 
I . 1 6 8 - 0 2 
I . 1 5 7 - 0 2 
I . 1 4 7 - 0 2 
3 . 6 7 0 - 0 3 
3 . 6 5 9 - 0 3 
3 - 6 4 9 - 0 3 
3 . 6 3 B - 0 3 
3 - 6 2 8 - 0 3 
2 . 4 1 2 - 0 5 
2 - 3 1 5 - 0 5 
2 * 2 2 4 - 0 5 
2 - 1 3 6 - 0 5 
2 • 0 5 I - 0 5 
T E 
1 - 2 2 0 + 0 2 
1 - 2 4 0 + 0 2 
1 - 2 6 0 + 0 2 
1 * 2 8 0 + 0 2 
I • 3 0 0 + 0 2 
P V 
3 - A > 5 5 — 0 3 
2 - 6 7 8 - 0 3 
2 . 3 5 9 - 0 3 
c - 0 8 5 — 0 3 
1 . 8 4 9 - 0 3 
P I C 
• 2 0 F C ~ 0 5 
• 1 5 8 - 0 5 
• I 1 2 - 0 5 
. 0 6 8 - 0 5 
• 0 2 6 - 0 5 
R W C 
I . 6 3 5 - 0 3 
I * O O «_•' 
I . 8 2 4 - 0 3 
» . 8 1 9 - 0 3 
I . 6 1 4 - 0 3 
R P C 
6 . 0 1 1 - 0 3 
6 - 0 1 1 - 0 3 
6 * 0 M - 0 3 
6 - 0 1 1 - 0 3 
6 * O H - 0 3 
T E M T C 
0 /"\ R> , • O W V / + V / O 
X K P T E 
4 - 6 1 9 + 0 0 
4 . 6 6 3 + 0 0 
4 . 7 0 7 + 0 0 
4 . 7 6 1 + 0 0 
4 . 7 9 5 + C O 
T E X K P T C X K P T 2 X K P T 5 S U M P 0 - B T U / H P 
1 . 2 4 0 + 0 2 
I * 2 6 0 + 0 2 
I • 2 8 0 + 0 2 
\ • 3 0 0 + 0 2 
4 . 5 7 4 + 0 0 
4 . 5 7 4 + 0 0 
4 • 5 7 4 + 0 0 
4 . 5 7 4 + 0 0 
4 • 5 7 4 + 0 0 
4 . 5 9 9 + 0 0 
4 • 6 0 4 + 0 0 
4 . 6 1 9 + 0 0 
4 . 6 3 4 + 0 0 
4 . 6 4 9 + 0 0 
4 . 5 8 9 + 0 0 
4 • 6 0 4 + 0 0 
4 * 6 1 9 + 0 0 
4 . 6 3 4 + 0 0 
4 . 6 4 9 + 0 0 
2 . 6 5 1 - 0 2 
2 • 6 0 0 — 0 2 
2 * 5 5 6 - 0 2 
2 * 5 1 6 - 0 2 
2 * 4 8 0 - 0 2 
7 * 5 4 4 + 0 1 
1 . 6 3 8 + 0 2 
2 * 3 4 8 + 0 2 
3 . 1 8 0 + 0 2 
4 * 0 3 2 + 0 2 
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CONDENSER TEMPERATURE ( D E C RANK.) 1.200*02 
TE T2 XKWT2 XKWT5 RPE RWE RI E •?20+02 •?4C+02 
•200+02 •400+02 
1.307+02 1 •212+02 * «?20+02 1.227+02 ».232+02 
2.556+00 2.563+00 2.569+00 2.576+00 2*582+00 
2 2 2 2 2 
• 556+ ww • 56»i+ ww • 569+00 • 576+ 00 • 582+00 
1 •137-02 1 .127-02 1 • 117-02 1 • 107-02 1.098-02 
3*522-03 3*51 3— w 3 3* 504-03 3*495-03 3*486-03 
1•349-05 1•302-05 1.256-05 1.216-05 1.175-05 
TE RV RIC RWC RPC TEMTG XKPTE 
•320+02 6« 4 67-04 6*746-06 1 •761-03 5.734-03 C • wuv/T ww 4 •838+00 •240+02 .5-990-04 6.512-06 1 •756-03 5.734-03 >j A R\ j /% /\ t; ww— v/ 4 •861+00 •360+02 5. 562-04 6*289-06 1 •752-03 5.734-03 /». <•» , R<. A O• wi/wt ww 4 •y<»5+ ww • 380+02 5. 177-04 6*078-06 1 .747-03 fc.734-03 o AA A • www>" 4< .965+00 •400+02 4« 827-04 5*876-06 1.743-03 5.734-03 1 ftrtAi A' 1 1 • wwwT w 1 6 /\ <\ o» Vwv 
• WW f» WW TE XKPTC XKPT2 XKPT5 SUMR 0-bTU/HR •220+02 4. 795+00 4*809+00 4 •6 w9+ w w 2•305-02 6.677+01 •340+02 4* 795+00 4*822+00 4 •823+00 2-289-02 1 • 748+ 02 • 260+02 4» OQC-l a.,\ 4*838+00 4 •838+00 2•273-02 2*639+02 • 380+02 4* 9 J, ^A FZ}*JT ww 4*852+00 4 •852+ 00 2*259-02 3.542+02 .400+02 4* 795+00 4.866+00 4 •8 66+ 00 2.245-02 4*455+02 
CONDENSER TEMPERATURE i B E C RANK*) 1*400+02 
TE T3 XKWT2 XK WT5 RPE RWE ft! E 
1.420+ 02 1.407+02 2* 653+ 2 • 653+ ww 1.089-02 3. 393— w 3 6.419-06 1.440+ 1.413+02 2 • 659+00 2 • o59+ ww 1 rv— A »-
1 • wOw w£ ' 
3. 365-03 6.195-06 1«460+ 02 1.420+02 2 • 665+00 2 • 665+ 00 1 »072-02 3. 378-03 7.981-06 1*480+ 02 1.427+02 2 • 672+ 00 2 • 672+00 1.063-02 3. l/(U w«J 7*777-06 1 * 500+ 02 1.433+02 2* 6784 00 2 • 678+00 1.055-02 3* 362-03 7*582-06 
TE RV RIC RWC RPC TEMTC XKPTE 
•4 20+02 2 • 449-C4 4.209- 06 1 .697-03 5* 491 -03 2 • wwwT \>w 5 • w 49+ w w •440+02 2 • 216-- 4 4*097- 06 \ .693-03 5. 491 -02 4 A,A/\. AR\   ww r w wW • W»7 W' w w •460+02 2 • 19 1-04 3.990-06 1.669-03 5. 49* -03 6 A A 
• w WWr WW 
5«131+00 •480+02 2 • 074-04 3*888-06 1 .685-03 5. 49 4 -03 8 AAA, R\n, 
• wwwr WW 
5. 171+00 • 500+02 I •964- 04 3*79J- 06 1 .631-03 5. 491 wu I R\R^F\. R*. 1 • www— w 1 5*21i+bb 
102 
TE XKPTC XKPT2 XK PT5 SUMR O-bTU/HR 
• 4 < f v . + 5. </ v/ r » v/ v 5. ftr 1 . A A 1+ ww 5« a <-1. <\ f\ 
\jC 1 • w w 
2 • 173- w«C 9 • 2 03+ 01 • 440+ 02 5« 1 /"v /\ 
w f T V/ V 
5. r\ rj r, A 
w w C/" w w 
5. W \- W» ww 2 • 162- a *-w<C 1 •850+ 02 •460+02 5» /•» H* i A 
»^\' ft 
5« 049+00 5« 049+00 2 • 151- a»-w < 2 • 790+02 •480+02 5« AAniAh 
V-/ IT 
5. r\ c i /NA C £ + vy v» 5« 062+00 2 • 140- A *~ WC •a w • 739+02 • 500+02 5. /> /•> f> 1 ̂  /\ 5- w f O r w w 5« r\rjrlv AA w f Qt w w 2 • 129- Ar~ 
w<C 
4 • 696+02 
CONDENSER TEMPERATURE (DEG* RANK.) I-500+02 
TE T2 XK WT2 XK WT5 RPE RWE RIE 1.520+02 1.507+02 1.540+02 1.513+02 1.560+02 1.520+02 1.580+02 1.527+02 1.600+02 1-633+02 
2.744+00 2.750+00 2.756+00 2*762+00 2.763+00 
2*744+00 
C • <'5w+ ww 2 «756>00 2*762+00 2.768+00 
I • 047-02 I .039-02 I .032-02 I*024-02 1.017-02 
3*280-03 5.926-0e 3.273-03 5 . 8 1 1 - O e 3*266-03 5.701-06 3-259- 03 5.595-06 3*252-03 5.493-06 
TE RV RIC RWC RPC TEMTC XKPTE 1.520+02 1.107-04 1.540+02 1.053-04 1.560+02 1-002-04 1.580+02 9.535-05 L 6 0 0 + 0 2 9*079-05 
2.9 63-06 2*906-06 2 »850-06 2.797-06 2*747-06 
I .640- 03 I•637-03 I.633-03 I•620—03 1.62 6-03 
5.276-03 5*276-03 5*276-03 5*276-03 5.276-03 
C • www~ ww 
4 *\r* A , A A • www— ww 
6 r\ /> A • A A • www"* WW 
• w w w • w w 
I . A A A , A I I • www— w I 
5* 251+00 5.291+00 
C,.-»2lAi A A 
«J * u O u " WW 5.369+00 5*408+00 TF XKPTC XKPT2 XK PT5 SUM h 0-bTU/HR 1*520+02 1 •540+02 1.560+02 1.580+02 J2 
5«21 1 + 00 5.211+00 5.21 1 + 00 5.21 1 + 00 5.21 1+00 
5*225+00 5-238+00 5,.251 + 00 5*264+ 00 5.278+00 
5*225+ 00 5.238+00 5*251 + 00 5.2 64+00 5*278+ 00 
2*079-02 2•069-02 
< • u O u " w « : 
c • w O I - w < : 
A A R~ f\«~ 
9.621+01 I .933+02 2.913+02 3 • 9 ww+ w c 4.897+02 
CONDENSER TEMPERATURE I LEG* RANK*) I • 6ww+ w2 
TE T3 xkwt; XK WT5 RPE RWE RIE 
• 620+02 1.607+02 2 •831+00 2 •831+00 1 •wIW — W< 3. 180-03 4*603-06 • 640+ 02 1.612+02 2 •637+ 00 2 •8 37+ 00 1, • 003-02 3. 174-03 4.539-06 •660+02 1.620+02 2 •842+00 2 •842+00 9 •959-03 3. 167-03 4.477-06 •680+02 1 • 627+02 2 •848+00 2 •848+00 9 •692-03 3. 161-03 4.417-06 
^ rja<» < aA 1.623+02 2 •853+00 2 •853t00 9 •627-02 3« 155-03 4.360-06 
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T E P V H I C RV;C P P C ' J E M T C X K P 1 E 
1 • 6 2 0 + 0 2 5 * 4 2 3 - 0 5 2 • 3 0 1 - 0 6 
1 ° 6 9 0 — w»3 
5 • 0 8 4 - 0 3 
C • W VW+ 6 * 4 4 6 + 0 0 1 . 6 4 0 + 0 2 5 * T E E - 0 5 2 * 2 6 9 - 0 6 1 . 5 8 7 - 0 3 5 • 0 8 4 - 0 3 *X • V/V/WT V/ 5 . 4 0 4 + 0 0 1 . 6 6 0 + 0 2 4 . 9 6 5 - 0 5 2 « 2 3 O - 0 6 1 . 5 8 4 - 0 3 5 • 0 0 4 - 0 3 D* v/v/v/t v/v/ 5 . 5 2 1 + 0 0 1 . 6 8 0 + 0 2 4 « 7 5 4 - 0 5 2 * 2 0 9 - 0 6 1 . 5 6 1 - 0 3 5 • 0 8 4 - 0 3 rj A *^ i /«• ̂ O• / w" wv/ 5 . 5 6 9 + 0 0 
1 . 7 0 0 + 0 2 4 . 
55 2— w 5 2 • 1 8 0 - 0 6 1 . 5 7 8 - 0 3 5 • 0 8 4 - 0 3 1 • v/v/ ' v/ 1 5 . CQ ^ 
T E X K P T C - X K P T 2 XK P T 5 SFJMR Q - F C T U / H K 
1 . 6 2 0 + 0 2 5 « 4 0 8 + 0 0 5 * 4 2 0 + 0 0 5 . 4 2 0 + 0 0 2 9 . 9 9 4 + 0 1 
1 . 6 4 0 + 0 2 5 « 4 0 8 + 0 0 6 I 4 33+ 0 0 5 . 4 3 3 + 0 0 1 • 9 9 3 - 0 2 «£ "v/v F + v/< 1 • 6 6 0 + 0 2 5 . 4 0 8 + 0 0 5 * 4 4 6 + 0 0 5 . 4 4 6 + 0 0 I • 9 8 5 - 0 2 3 * 0 2 3 + 0 2 
1 . 6 8 0 + 0 2 5 . 4 0 0 + 0 0 5 * 4 5 9 + 0 0 5 . 4 6 9 + 0 0 1 • 9 7 7 - 0 2 4 * 0 4 6 + 0 2 
1 . 7 0 0 + 0 2 5 . 4 0 8 + 0 0 5 * 4 7 1 + 0 0 5 . 4 7 1 + 0 0 1 • 9 7 0 - 0 2 5 . 0 7 7 + 0 2 
C O N D E N S E R T E M P E R A T U R E ( D E C * R A N K * > I . 7 0 0 + 0 2 
T E T 3 X K W T 2 X K W T 5 P P E RWE H I E 
1 . 7 2 0 + 0 2 1 . 7 0 7 + 0 2 2 . 9 1 3 + 0 0 2 * 9 1 3 + 0 0 9 . 7 6 3 - 0 3 3 - 0 9 1 - 0 3 3 . 8 4 7 - 0 6 
1 . 7 4 0 + 0 2 1 . 7 * 2 + 0 2 2 - 9 1 8 + 0 0 2 . 9 1 8 + 0 0 9 . 7 0 0 - 0 3 3 . 0 0 5 - 0 5 3 . 0 0 9 - 0 6 
1 . 7 6 0 + 0 2 1 . 7 2 0 + 0 2 2 . 9 2 3 + 0 0 2 - 9 2 3 + 0 0 9 . 6 3 9 - 0 3 3 * 0 7 9 - 0 3 3 * 7 7 3 - 0 6 
1 . 7 8 0 + 0 2 1 . 7 2 7 + 0 2 2 * 9 2 9 + 0 0 2 * 9 2 9 + 0 0 9 * 5 7 9 - 0 3 3 * 0 7 4 - 0 3 3 * 7 3 8 - 0 6 
1 * 0 0 0 + 0 2 1 * 7 3 3 + 0 2 2 * 9 3 4 + 0 0 2 * 9 3 4 + 0 0 9 . 5 2 0 - 0 3 3 * 0 6 9 - 0 3 3 . 7 0 4 - 0 6 
T E RV P I C RWC RPC T E M T C X K P T E 
• 7 2 0 + 0 2 2 • 9 2 7 - 0 5 1 . 9 2 3 - 0 6 1 - 5 4 5 -v/ o 4 • 9 1 3 - 0 3 2 rv/\. F\F\ • V/ Ul/T V/V/ 5 . 6 3 2 + 0 0 • 7 4 0 + 0 2 2 • 8 2 0 - 0 5 1 . 9 0 5 - 0 6 1 • 5 4 3 - V/VJ 4 • 9 1 3 - 0 3 4 r,Ani • v/v/v/• v/v/ 5 . 6 6 9 + 0 0 • 7 6 0 + 0 2 2 • 7 1 8 - 0 5 1 . 8 8 6 - 0 6 1 . 5 4 0 - 0 3 4 • 9 I 3 - 0 3 6 A A />, R\ • v/v/v/r v/v/ 5 . 
F \S*-ST v/v/ • 7 8 0 + 0 2 2 • 6 2 0 - 0 5 1 . 8 6 9 - 0 6 1 . 5 3 7 - 0 3 4 • 9 1 3 - 0 3 0 
/\ R\R\. R\R\ • v/v/v/Tww6 . 7 4 1 + 0 0 
2 • 5 2 7 - 0 5 1 . 8 5 2 - 0 6 1 • 5 3 4 - V/ V.' 4 • 9 1 3 - 0 3 1 /*V/> i /\ 1 • wv/V/T v/ 1 5 . 7 7 6 + 0 0 
T E X K P T C X K P T 2 XK P T 5 S U H R Q - B T U / I I ft. 
• 7 2 0 + 0 2 
• 7 4 0 + 0 2 
• 7 6 0 + 0 2 
• 7 8 0 + 0 2 
• 8 0 0 + 0 2 
5 . 5 9 6 + 0 0 
5 . 5 9 6 + 0 0 
5 . 5 9 6 + 0 0 
5 . 5 9 6 + 0 0 
5 . 5 9 6 + 0 0 
5 - 6 0 0 + 0 0 
5 * 6 2 0 + 0 0 
5 • 6 3 2 + 0 0 
5 * 6 4 5 + 0 0 






6 0 8 + 0 0 
6 2 0 + 0 0 
6 3 2 + 0 0 
6 4 5 + 0 0 
6 5 7 + 0 0 
1 . 9 3 5 - 0 2 
1 . 9 2 6 - 0 2 
1 . 9 2 0 - 0 2 
1 . 9 1 4 - 0 2 
1 . 9 0 7 - 0 2 
1 . 0 3 4 + 0 2 
2 • 0 7 5 + 0 2 
3 * 1 2 4 + 0 2 
4 » 1 0 1 + 0 2 
5 * 2 4 5 + 0 2 
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CONDENSE? TEMPERATURE I DEG> RANK.) I .800+02 



























































R~ a a A , A A 
^ • w u V / I w w 
A A A A , A A 
T * w W w I \J \J 
F2 A A A , A A 
D* w w w " w w 
I ] A A A , A A t i • w w w + w w 
I A A A , A 1 
1 • w w w • w I 
































2 • 139+ 02 
»1 R- R- A, , A R-
vi • <c < w + w 
4-307+02 
5.402+02 
CONDENSER TEMPERATURE (DEG* RANK • ) 1 -900+02 





A A A A I A A 






1. *p | + a - a 
«_i"wV/»'Y/W "* . ̂  6K4- *" ̂  C ' w l ^ / r WW 
3 A I , A . A A _ • w f w ~ w w 
3*074+00 
3. M T U • w rlyT ww 
3-061+00 
3 A O A • A A • W f W"T W W 
3-074+00 
• w r I 7 T ww 
9.193-03 2.941-03 3« 189-06 
9*142-03 2*937-03 3-183-06 
9-093-03 2.933-03 3.176-06 
9.044-03 2*928-03 3- 175-06 






R A A A , A R~ 


























R~ A A A i A A 
C • wwwT ww 
*i • www> ww 
6 A A A , A A • W W W T W W 8 A A A i A A • WW W WW 






6. I 12+00 
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TE XKPTC XKPT2 XK PT5 SUMP G-bTU/HR I-920+02. 5.940+00 5-959+00 5-959+00 1-624-02 1-09,6+02 I-940+02 5-948+00 5-970+00 5-970+00 I -819-02 2-200+02 1-960+02 5-948+00 5-982+00 5-982+00 1-013-02 2-310+02 1-980+02 5-948+00 5-993+00 5-993+00 1-807-02 4-426+02 2-000+02 5-948+00 6-004+00 6-004+00 1-802-02 5-550+02 
CONDENSER TEMPERATURE 1 DEG- PANK •) 2-000+02 
TE T2 XKWT2 XK V,"15 RPE .Rhfc Rl E 
2 • 020+02 2 -007+02 3- 127+00 3- 127+00 8 • *7 ww A t v/v/ 2 -679-03 3« 261- 06 2 • 040+02 2 -013+02 3- 131 + 00 3- 1 31+00 8 •904- 03 2 •875-03 3. 202- 06 2 • 060+02 2 A»* a . A«-• v/<£ w+ K>C 2- 135+00 3- 1 'tea. 8 -659- 03 2 -871-03 3« v;wu 06 ? • r,8C+0? 2 • 027+0? 3- 1 39+00 3- 129+ 00 8 -6 16-A 
w O 
2 •066-03 3« 332- 06 2- 1 ̂  Ai a r-2 ' I/OCTr \rC 3- 144+00 3- 144+00 6 -773- 03 2 -864-03 3- 262-
TE PV PIC RWC RPC TEMTC XK PTE 
2« 020+02 7. 202- 06 1.621-06 1-440- 03 4 • 490-v/v/ 2 • Wv/V* WW 6. 144+00 2 • 040+02 7. 199-06 1 .64 1-06 1 -420-W C' 4 • 496-V/ VJ 4 A A o i rv 
• w\-/W' WW 
6« 176+00 2 • 060+02 7. 022- 06 1.652-06 i -4 36-03 4 • 490-v/t_/ 6 <\ A O i />, A 
• \s \J\JT v/w 
6« f A rj. A A £. v/ ft" v/v/ 2 • 080+02 6-854- 06 1 .666-06 1-434-A 1 
V» «-J 
4 • 496-V/ V.' 0 rvr\/\. /"\/-\ * www** WW 6. 230+00 2 • | aa . aa 
1 V V»T V/ C 
692- 06 1-691-06 1.432-03 4 • 490-«7 V/ v> 1  ww/w» w 1 6. 260+00 
TE XKPTC XKPT2 XK PT5 SUMP 0-bTU/HP 
2 • A r~ a i A «-
^ <:•./+ 
6« 1 1 2+ 00 6. | r Ii aa 
1 C V/T v< V 
6. 123+00 1•776- A 
v/<£ 
1 • 125+02 2 • 040+02 6« 112+00 6« 132+00 6. I .j a a  \_.v7> v/v/ 1 .772-02 2 • 256+02 2 • 060+02 6. 112+00 6« 144+00 6. 144+00 1 .763-A r-\>C 2- 394+02 £ • aa ̂ i ̂  r 
V/C3 v/+ v<C 
6. 1 12+00 6- 1 55+ iJ w 6. 155+ v/v 1-763-a r-
v/£ 
4- 536+02 2 • 1 v/v/" v/C 6- 1 12+00 6. 165+00 6. I 65+00 1-758-a r- 5- 609+ 02 
CON DEN SEP TEMPEPATURE fDEC- RANK-I 2-100+02 
TE T3 XKWT2 XKWT5 RPE RWE PIE 
2 • 120+02 2 • 107+02 2-188+00 3-100+00 6 • 731-03 2•024-03 4.00O-06 2- 140+02 2 • II 2/+ 02 2.t92+00 3« 192+00 0 •689-03 c»020—03 4*11 1-06 2 • 160+02 2 • 120+02 3.196+00 2.196+00 0 -649-03 2«GI7-03 4.226-06 2 • tO0+0 2 2 • 127+02 •I «- AA, A A v-
1• C V/V~ V/ V/ 1 * A A . A A «_• < V/V/' V/V/ 0 • 609-V/3 2.013-03 4.253-06 2 * 200+02 2* 132+02 3-204+00 3-204+00 8 •570-03 2.010-03 4.495-06 
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T E RV R I C RWC RPC TEMTC X K P T E 
2 . 1 2 0 + 0 2 5 . 4 1 5 - 0 6 2 - 0 0 4 - 0 6 1 . 4 1 2 - 0 3 4 * 3 9 6 - 0 3 2 . 0 0 0 + 0 0 6 - 2 9 8 + 0 0 
2 . 1 4 0 + 0 ? 5 . 3 4 3 - 0 6 2 - 0 5 6 - 0 6 1 - 4 1 0 - 0 3 4 . 3 8 6 - 0 3 4 * 0 0 0 + 0 0 6 * 3 2 6 + 0 0 
2 . 1 6 0 + 0 2 5 * 2 9 0 - 0 6 2 . - 1 1 3 - 0 6 1 * 4 0 8 - 0 3 4 * 3 6 6 - 0 3 6 . 0 0 0 + 0 0 6 . 3 5 8 + 0 0 
7* 1 0 0 + 0 2 5 . 2 4 2 - 0 6 2 - J 7 7 - 0 6 I - 4 0 7 - 0 3 4 * 3 8 6 - 0 3 8 * 0 0 0 + 0 0 6 * 3 8 7 + 0 0 
2 * 2 0 0 + 0 2 5 * 2 0 5 - 0 6 2 * 2 4 8 - 0 6 1 * 4 0 5 - 0 3 4 * 3 8 6 - 0 3 I - 0 0 0 + 0 1 6 - 4 1 6 + 0 0 
T E X K P T C X K P T 2 XK P T 5 SUMR 0 - B T U / H R 
2 • | *~ A . a a 
1 < .•+ vy< 
6* 2 6 3 + 0 0 6 * 2 7 8 + 00 6 * 2 7 8 + 0 0 1 . 7 3 6 - w < 1 • . 1 5 2 + 0 2 
2 • 1 4 0 + 0 2 6* 2 6 0 + 00 6 * 2 6 8 + 0 0 6 . 2 8 8 + 0 0 1 . 7 2 2 - a r- 2 * 3 1 0+ 0 2 2 * 1 6 0 + 0 2 6* 2 6 3 + 0 0 6 * 2 9 8 + 0 0 6 * 2 9 8 + 0 0 1 . 7 2 7 -
W(C 
3 . 4 7 4 + 0 2 
2 • 1 0 0 + 0 2 6* 2 6 3 + 0 0 6 * 3 0 8 + 0 0 6* 3 0 6 + 0 0 1 . 7 2 3 -
A «-
w £ 4 . 6 4 4 + 0 2 
2 * 2 0 0 + 0 2 6 * 2 68+ 0 0 6 * 3 1 8 + 0 0 6 . 3 1 8 + 0 0 1 . 7 1 8 - 0 2 5 . 8 2 0 + 0 2 
C O N D E N S E R T E M P E R A T U R E ( D E C R A N K - ) 2 - 2 0 0 + 0 2 
T E T 3 XKWT2 XKWT5 R P E RWE R I E 
2 . 2 2 0 + 0 2 2 • 2 0 7 + 0 2 3 . 2 4 7 + 0 0 3 . 2 4 7 + 0 0 8 • 5 3 2 - 0 3 2 . 7 7 3 - 0 3 8 . 1 2 9 - 0 6 
2 . 2 4 0 + 0 2 2 . 2 1 3 + 0 2 3 . 2 5 1 + 0 0 3 - 2 5 1 + 0 0 8 • 4 9 5 - 0 3 2 - 7 6 9 - 0 3 8 • 8 7 2 - 0 6 
2 • 2 6 0 + 0 2 2 a *- a , a 3 - 2 5 5 + 0 0 3 . 2 5 5 + 0 0 8 • 4 5 6 - 0 3 2 . 7 6 6 - 0 3 9 • 7 7 0 - 0 6 2 . 2 8 0 + 0 2 2 • 2 2 7 + 0 2 3 . 2 5 3 + 0 0 3 . 2 5 8 + 0 0 6 • 4 2 2 - 0 3 2 . 7 6 3 - 0 3 1 • 0 8 7 - 0 5 
2 • 2 3 3 + 0 2 3 * 2 6 2 + 0 0 3 * 2 6 2 + 0 0 8 • 3 8 7 - 0 3 2 - 7 6 0 - 0 3 1 • 2 2 4 - 0 5 
T*< ^ RV R I C RWC RPC TEMTC X K P T E A »- A A , A *-
C • C C vy+ KJ C 5 - 8 3 1 - 0 6 4 • 0 6 5 - 0 6 1 - 3 8 6 -AT 
w O 
4 • 2 6 5 - 0 3 2 • AAA,. A A 
w w w " * WW 
6 . 4 4 5 + 0 0 
2 - 2 4 0 + 0 2 6 . 0 4 8 - 0 6 4 • 4 3 6 - 0 6 1 - 3 8 5 -A<7 W«J 4 • 2 8 5 - 0 3 4« A A, A, A A WWW** WW 6 . 4 7 3 4 0 0 
2 * 2 6 0 + 0 2 6 . 3 1 5 - 0 6 4 • 8 8 5 - 0 6 1 . 3 8 3 -A'l w 4 - 2 3 5 - A^ 
W\J 
6 . A A A, A A 
www"t" WW 
6 . UA 1 , A A WW 1 • w w 
2 - 2 8 0 + 0 2 € • 6 4 4 - 0 6 5 • 4 3 5 - 0 6 1 . 3 8 1 -
A-<t 
WO 
4 • 2 6 5 - ** w w 8 . A AA.WWWT W 6 . 5 2 9 + 0 0 
«•• *7 nAi A a 
£ • OWW' w< 
7 « 0 5 2 - 0 6 6 • 1 2 0 - 0 6 1 . 3 8 0 -A -J 
w \J 
4 • 2 8 5 - 0 3 I . A A A , A "| WWW"w 1 6* 5 5 6 + 0 0 
T E X K P T C X K P T 2 
2 • A r> A , 
C* w+ 
A A 
w£ • 6- 4 1 6 + 0 0 6 * 4 2 6 + 0 0 2 * 2 4 0 + 0 2 6 *4 1 6 + 0 0 6 . 4 3 5 + 0 0 
2 • 2 6 0 + A r-
W<C 
6 - 4 1 6 + 0 0 6 * 4 4 5 + 0 0 
2 • 2 8 0 + 0 2 6 * 4 1 6 + 0 0 6 * 4 5 4 + 0 0 
A 
.<* 3 0 0 + 
A A 
6 * 4 1 6 + 0 0 6 * 4 6 4 + 0 0 
X K P T 5 SUMR 0 - B T U / H R 
6 * 4 2 6 + 0 0 1 . 6 9 9 - 0 2 » • 1 7 7 + 0 2 
6 * 4 3 5 + 0 0 1 . 6 9 5 - 0 2 2 . 3 5 9 + 0 2 
6 * 4 4 5 + 0 0 1 . 6 9 1 - 0 2 3 . 5 4 7 + 0 2 
6 * 4 5 4 + 0 0 1 . 6 8 7 - 0 2 4 . 7 4 1 + 0 2 
6 * 4 6 4 + 0 0 1 . 6 8 4 - 0 2 5 . 9 3 9 + 0 2 
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APPENDIX D 
COMPUTER PROGRAM USED TO CALCULATE HEAT PIPE NUMBER 
AND CAPILLARY-LIMITED HEAT TRANSFER RATE 
This appendix gives the computer program used to 
calculate the capillary-limited heat transfer rate and the 
heat pipe number at each value of temperature over the range 
120°R••< T < 227°R... A sample computer output is also given. 
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(start) 
_ _ r i r _ _ 
READ: K,Kc,6T-,r 
COMPUTE: r v 
READ: Polynomial 
coefficients of 
P L»P v» a'V V hfg 
equations 
y I
i = = 1 
f 
T(l) = = 119 
I = 1+1 
T(I) = T(I-1) + 1 
COMPUTE: N(I) ,QCL.(I) 
WRITE: T V(I),N(I),Q C L(I> 
(stop) 
Figure 39. Flow Diagram of Computer Program Used for 
Calculating the Heat Pipe Number and the 
Capillary Limited Heat Transfer Rate 
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1 : D I M E N S I O N Al 1 5 ) , T P ! 1 2 5 1 , Ii l 2 5 ) , R H C L l 1 2 5 ) , 
2 : IRHOVl I 2 5 ) , S I G I 1 2 5 ) , XMULl I 2 5 ) , X M U V I 1 2 5 ) . 
«_ • 2XLAMI I 2 5 ) » H P N I 1 2 5 ) T O K 1 2 5 ) * C l I 5 ) , D I 1 5) T El 1 5 ) , 
4 : 3FC 1 5 ) , G l 1 5 ) 
c •> • E L = • £ 
6 : C L = H . 
7 : E F F L - 2 . 2 5 
8 : P * 3 . 5 E - 2 
9 : P I r - l . 7 5 E - 2 
1 0 : C E L * I « 3 7 4 E - 2 
H : V 'P ' ITKI 6 , 0 0 0 ) 
1 2 : 8 0 0 FOPMATl IH , • E N T E R : E F F E C T I VE PERM F A B I L I T Y ( F T - 2 1 * l 
1 ? : P E A D I 5 , 1 ) X K B A R 
1 4 : W R I T E ! 6 , 8 0 1 ) 
1 5 : 8 0 1 FORMAT! IH , 9 X , • P E R M E A B l L I T Y C F C - L A Y E R I F T - 2 ) M 
1 6 : READ! 5 T 1 ) X K C 
1 7 : WPI T E l 6 , 0 0 2 ) 
1 8 : 8 0 2 F O R M A T ! I H , 9 X , ' T H I C K N E S S OF C - L A Y E P ! F T ) ' ) \ 
1 9 : PEADi 5 , 1 ) D E L C 
2 0 : W R I T E ! 6 , 0 0 3 ) 
2 1 : 8 0 3 FORMAT! 1H , 9 X , • TOTAL ' I H I C K N E S S O F SLAB I F T ) • I 
2 2 : P F A D l 5 , 1 ) D E L P 
2 3 : W R I T E ! 6 , 0 0 4 ) 
2 4 : 8 0 4 FORMAT! IH » 9 X , ' P O R E R A D I U S 1 F 7 ) ' ) 
2 5 : R E A D ! 5 , 1 J R P C R E 
2 6 : P = 3 . 1 4 I 5 9 2 & 5 4 
2 7 : D I = X K C * C E L A W D E L C * l 1 • / EL+ 1 • / C L ) - + X K B A R * E F F L / B / D E J L T 
2 f l : R=< P * P B * * 2 - 2 . * R R * D E L T ) / ! P * 2 • * R B - 2 « * D E L 1 4 4 » * R B ) 
2 9 : T P ! 1 1 * 1 2 0 . 
3 0 : DC 1 0 1 - 2 , 1 0 8 
3 1 : 1 0 T R ! I l * T R ! 1 - 1 ) 4 1 . 
3 2 : DO 2 0 1 = 1 , 1 0 8 
it • T! I ) = T R i I ) / l . 8 
3 4 : 1 FORMAT! ) 
3 5 : K P I = Q 
3 6 : . W R I T E ! 6 , 2 0 1 ) 
3 7 : 2 0 1 FORMAT! IH , f E N T E R : & A D D B I L . L . R H C L M 
3 8 : 
PEA D! 5 , 1 ) ! Al 1 1 1 1 * 1 , K P I ) 3 9 : DO 1 1 0 I J = M , 1 0 8 
4 0 : F U N = A l l ) 
4 1 : DO 1 0 0 1 = 2 , K P I 
4 2 : 1 0 0 F U N - F U N 4 A l I ) * T l I J ) * * ! I - 1 ) 
4 3 : M C RHOLl I J ) - F U N * 6 . 2 4 2 9 7 7 E - 2 
COMPUTER PROGRAM: 
4 4 : W R I T * ! 6 . 2 1 I V , 
4 5 : 2 1 1 FGPMATt IH » * ENTERT@ADD B l L L • RH C V * I 
4 6 : R E A D ! 5 . I M G ! I I » I » I * K P I I 
4 7 : DC 1 2 0 1 J = I » 1 0 8 
4 0 : M"N=G< I J 
4 9 : DC 1 2 1 1 = 2 . K P I 
5 0 : 1 2 ! F M » F t J N + G t I > * T l I J J * * « I - l - l 
5 1 : 1 2 0 RHOVt I J > » F U N * 6 « 2 4 2 9 7 7 E - 2 
5 2 : K P 1 - 5 
5 3 : W R I T E ! 6 . 2 2 1 ) 
5 4 : 2 2 1 FORMAT! IH » » E N T E R : # A D D B I L L - S I G M 
5 5 : R E A D I 5 . I M Ci I ) . 1 = 1 . K P I ) 
5 6 : DO 1 3 0 I J » l t 1 0 f t 
5 7 : F U N = C ! I I 
5 6 : DO 1 2 1 1 = 2 . K P I 
5 9 : 1 2 1 F l ' N * F U N + C i I ) * T 1 L J ) * * l I - » > 
6 0 : 1 3 0 S IGC I J ) = F U N * 6 . 3 5 2 I 8 E - 5 
6 1 : W R I T E ! 6 . 2 3 1 » 
6 2 : 2 2 1 . FORMAT! IH . » E N T E R : < * A D D B I L L . X M U L ' J 
6 2 : R E A D ! 5 . I ) I D U ) . I » I»K P I ) 
6 4 : DO 1 4 0 I J = I . 1 0 8 
6 5 : FUN=D< I > 
6 6 : DO 1 4 1 1 = 2 . K P I 
6 7 : 1 4 1 FTINsFT)N+I'M I ) * T i I J I * * U - I » 
6 8 : 1 4 0 XMUL! I J ) = F H N * 2 . 0 0 0 5 4 3 4 E - 0 
6 9 : K P I = 8 
7 0 : W R I T E ! 6 . 2 4 0 ) 
7 1 : 2 4 0 P CRM A T ! IH » ' E N T E R : (''ADD B l L L • X M U V ' ) 
7 2 : R E A D I 5 . I ) ! E! I ) » I « I » K P I ) 
7 3 : DC 1 5 0 I J = I . 1 0 8 
7 4 : Fl'Ns=E! I ) 
7 5 : DC 1 5 1 1 = 2 . K P I 
7 6 : 1 5 1 E U N - P D N + E l I ) * T ! U l * * l I - 1 1 
7 7 : 1 5 0 X M H V U J ) = F U N * 2 . 0 8 8 5 4 3 4 E - 0 
7 0 : K P I = 7 
7 9 : W R I T E ! 6 . 2 5 0 J 
8 0 : 2 5 0 FORMAT! IH . » E N T E R : ( * A D D B I L L - X L A M » ) 
8 1 : R E A D ! 5 . I H F l I ) » I * « . K P I ) 
8 2 : DC 1 6 0 I J » I . 1 0 8 
8 3 : M W » M I t 
8 4 : DC 1 6 1 1 * 2 . K P I 
8 5 : 1 6 1 •FUNa.F"N+.Fl I . I * T l I J ) * * I ' I - I ) 
66 : 1 6 0 X L A M ! 1 J ) = E U N * 0 . 4 3 0 1 7 2 4 
8 7 : DO 5 0 0 1 = 1 . 1 0 6 
00: HPNl I ) = R H C L i I ) * S I G l I ) * X L A M ! I ) * 3 6 0 0 / X M U L ! I ) 
8 9 : D2=6 . *XMUV! I ) * R H C L l I ) * E l ' F L / P / R H C V l I l / X M U L ! I ) / R * * 4 
Ill 
!?0 O H I )=?.*!! PNi I)/( PPCHfc*< D 1 + D 2 ) ) 
. VPITM 6 . 6 0 0 ) 
: C FORM AT( III 11 ?Xt * DKGRFF HA NK I N t'. 3 X » ' H PNC BTU i'T-2. HH-11 
I» 4 X i »Ol ETU H R - I ) ' I . 
'/'PI TKl 6» 6 0 1 I 
6 0 1 VOW AT» IH . 6 0 U H - J ) 
W T M 6 . 6 0 2 M TRl I M l P U H I i O K I) . 1 * 1 . 1 0 8 ) 
6 0 2 '"FCHMATt IH » IP I hi0• 2. I P2 B20 • 4) 




Wick Composition 6 
F N D E P : E F 1 - E C T I V E P E R M E A B I L I T Y ( V T - 2 J 
> 6 . 4 ? 0 9 F 7 
• P E R M E A B I L I T Y CP C - L A Y E R t F T - 2 ) 
> I ft • I 60 F9 
T H I C K N E S S O F C - L A Y E R < ET) 
T C T A L T H I C K N E S S OF S L A P < FT) 
> I I . L 7 6 F - 3 
POPE R A D I U S ( FT I 
D Eft P E E R A N K I N E Hpfji t T H F T - 2 H R - I ) Gt BTU H ft-r U 
I • 7 I 0+ 02 
F . 7 7 0 + 0 2 
I • 740+07 
I • 760+07 
l . 7 6 0 + 0 2 
F. 7 7 0 + 0 ? 
I . 7 9 0 + 0 7 
I • 7 9 0 + 0 2 -
I . .̂oo+ô  
I . 2 3 0 + 0 ? 
I • 3 1 0 + 0 2 
I . 
1 - . 3 6 0 + 0 7 
I . 3 7 0 + 0 7 
I • 2 f t 0 + 0 2 
I • 3 9 0 + 02 
1 . 4 00+02 
I . 4 1 0 + 0 2 
1 . 4 2 0 + 0 2 
I • 4 2 0 + 02 
F . 4 4 0 + 0 2 
1 . 4 5 0 + 0 2 
I . 4 6 0 + 0 2 
I . 4 7 0 + 0 7 
I . 4 8 0 + 0 2 
1 . 4 9 0 + 0 2 
\ . 6 0 0 + 0 2 
I • 5 1 0 + 0 2 
4 4 4 7 + 0 9 
4 6 3 6 4 09 
4 6 2 9 + 0 9 
4 7 2 7 + 0 9 
4 8 2 9 + 0 9 
4 9 3 4 + 0 9 
5 0 4 3 + 0 9 
5 1 5 4 + 09 
5 2 68+ 09 
5 3 6 4 + 09 
5 5 0 0 + 0 9 
5 6 I M + 09 
5 7 2 5 + 0 9 
58 5 2 + Oy 
' 5 9 6 7 + 09 
6 0 6 0 + 0 9 
6 1 9 0 + 0 9 
6 2 9 7 + 09 
6 3 9 9 + C 9 
6 4 9 6 + 0 9 
6 5 8 7 + 0 9 
6 6 7 2 + 0 9 
6 7 4 8 + 09 
60 I 6+ 09 
6 8 7 4 + 09 
6 9 2 2 + 0 9 
6 9 5 9 + 0 9 
6 9 6 4 + 0 9 
. , 6 9 9 5 + 0 9 ' 
• 6 9 9 3 + 0 9 
- 6 9 7 6 + 0 9 
2 . 6 9 4 3 + 0 9 
6 • 8 3 2 5 + 
?« 0 7 4 8 + v 1 
7 • 3 0 7 2 + 
7 . 6 2 4 3+ ^ < 
7 • 7 2 6 3+ w I 
7 • 9 1 7 5 + /•> i 
8 . 0 9 2 3 + * v/ 1 8 • 2 5 8 0 + V 1 8« 4 1 2 3 + /*\ 1 
8 . 5 5 6 0 + A i 1 
8 < '6932 + r\ | 
6 Wc 16+ i 
v* • 
8< 9 4 2 6 + 
9 f\ j 
9 . 1 7 0 4 + u» 1 
9« 2 7 6 2 + 1 1 
9 - 3 7 7 1 + r\ i 1 
9< 4 7 36+ 
9 - 5 6 6 3 + /"\ 1 •
9 . 6 5 5 0 + I 
9 - 7 3 9 3 + | V/ » 9 .fa 1 9 9 + V " 9 . 6 9 59+ w 1 
9 . 9 6 7 8 + 1 
1 02 
1 « . 0 0 9 6 + 0 2 
\j I 5 5 t 
0 2 0 7 + 0 2 
02 5 4 + 0 2 
0 2 9 4 + 02 
0 3 2 9 + 0 2 
0 3 5 6 + 0 2 
5^. /+ . •< : c - 6 0 9 4 + 09 1 0 3 7 7 + 0 2 
ft? 04 02 2 1 6 6 2 9 + 0 9 1 • * V t • ̂7 \jT C C 6404 02 2 - 6 7 4 5 + 0 9 1 . • w» 3 9 1 j+ v <c 650+02 2 • 6 6 4 4 + 09 1 < 0 3 9 3 + 0 2 
560+02 2 • 6 5 2 3 + 0 9 1 • w on o> vc 5704o2 2 . 6 3 8 4 + 0 9 1 • 0 3 6 4 + 0 2 
5 0 0 + 0 2 2 . 6 2 2 4 + 0 9 1 • 0 3 3 6 * 0 2 
5 9 0 + 0 2 2« 6 0 4 4 + 0 9 1 • 0 2 9 9 + 0 2 
600+02 2' 5 8 4 5 + 0 9 1 < v c 5 3 + v c 6 1 0 + 0 2 2« 5 6 2 4 + 0 9 1 • -0196+ 0 2 
f 2 0 + 0 2 2« 5 3 8 3 + 0 9 1 • 0 1 3 4 + 0 2 
6 3 0 + 0 2 2 - 6 1 2 2 + 0 9 1 ' 
6 4 0 + 0 7 2' 4 8 4 0 + 0 9 9 . 9 7 7 1 + 0 1 
650+02 2 • -4 5 3 8 + 09 9 . 6 6 4 8 + 0 1 
6 6 0 + 0 2 £ « 4 2 1 7 + 0 9 9« 7 8 3 2 + 01 
7 7 0 + 0 2 2« - 3 8 7 5 + 0 9 9« 6 7 2 7 + 0 1 
roo+02 2 . 3 6 1 5 + 0 9 9 • woot~ v/ 1 rno+o? • 2 1 3 7 + C 9 9 - 4 ? 5 I + 0 I 
7 0 0 + 0 2 7 2 7 4 1 + 0 9 9 • 2 8 0 8 + 0 1 
7 1 0 + 0 2 7« - 2 3 2 6 + 0 9 9 • 1 4 4 2 + 0 1 
7 7 0 + 0 2 < 1 9 0 0 + 0 9 8 • 9 9 1 6 + 0 1 
7 3 0 + 0 2 7« 1 4 5 6 + 0 9 6 . 6 3 2 3 + 0 1 
7 4 0 + 0 7 7 - 0 9 9 9 + 09 8 • 6 6 5 7 + 0 1 
7 5 0 + 0 2 2 • 0 5 2 6 + 0 9 8 • 4 9 2 5 + 0 1 
7 6 0 + 0 2 <: - 0 0 4 6 + 0 9 8 • 3 1 3 3 + 01 
7 7 0 + 0 2 1 • 9 5 5 4 + 0 9 6 . 1 2 6 5 + 0 1 
7 0 0 + 0 2 1 • 9 0 5 2 + 0 9 7 . 9 3 6 6 + 0 1 
7 9 0 + 0 2 1 • 8 5 4 1 + 0 9 7 • 7 4 4 0 + 0 1 
8 0 0 + 0 2 1 . 6 0 2 4 + 0 9 7 • 5 4 5 4 + 0 1 
810+ 0 2 1 . 7 5 0 1 + 0 9 7 • 3 4 3 1 + 0 1 
8 2 0 + 0 7 1 • 6 9 7 4 + 0 9 7 . 1 3 7 9 + 0 1 
* 3 0 + 0 2 1 • 6 4 4 3 + 0 9 6 . 9 2 9 9 + 0 1 
040+0? 1 . 69 10+ 09 6 • 7 2 0 0 + 0 1 
8 5 0 + 0 2 1 . 5 2 7 7 + 0 9 6 • 5 0 6 5 + 0 1 
8 6 0 + 0 2 1 < 4 6 4 3 + 0 9 6 • 2 9 5 6 + 0 1 
8 7 0 + 0 2 1 . 4 3 1 0 + 0 9 6 . 0 8 2 5 + 0 1 
880+0? 1 - 3 7 8 0 + 09 5 • 6 6 9 0 + 0 1 
8 9 0 + 0 2 1 - 77 6 2 + 0 9 , 5 . 6 6 6 6 + 0 1 
900+0? - • - 2 7 2 8 + 0 9 • 4 4 2 9 + 0 1 
9 1 0 + 0 2 1 -- 2 2 1 0 + 0 9 • 2 3 1 2 + 0 1 
970+0? 1 - 1 6 9 6 + 0 9 • 0? 06+ 01 
9 3 0 + 0 2 1 . 1 1 8 9 + 0 9 4 • 6 1 2 0 + 0 1 
9 4 0 + 0 2 1 - 0 6 8 9 + 0 9 4 • 6 0 5 2+0! 
9 5 0 + 0 2 1 • 0 1 9 6 + 0 9 4 • 4 0 0 6 + 0 1 
9 6 0 + 0 2 9. . 7 1 0 7 + 0 8 4 • 1 9 6 5+0! 
9 7 0 + 0 2 9 • 2 3 4 1 + 08 T . 9 9 9 2+0 1 
9 8 0 + 0 2 8 . 7 6 6 2 + 0 8 3 • 6 0 2 7 + 0 1 
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I - 9 9 0 + 0 2 
2 - 0 0 0 + 0 2 
2 - 0 1 0 + 0 2 
2 - 0 3 0 + 0 2 
2 - 0 4 0 + 0 2 
2 - 0 5 0 + 0 2 
2 - 0 6 0 + 0 2 
2 - 0 7 0 + 0 2 
2 . 0 F L ~ + ~ 2 . 
2 - 0 9 0 + 0 2 ^ 
2 - 1 0 0 + 0 2 
2 - I I 0 + 0 2 
2 - 1 2 0 + 0 2 
2 - 1 2 0 + 0 2 
2 - 1 4 0 + 0 2 
2 - 1 5 0 + 0 2 
2 - 1 6 0 + 0 2 
2 - 1 7 0 + 0 2 
2 - L ^ n + 0 2 
2 - 1 9 0 + 0 2 
2 - 2 0 0 + 0 2 
2 - 2 1 0 + 0 2 
2 - 2 2 0 + 0 2 
2 - 2 2 0 + 0 2 
2 - 2 - 1 0 + 0 2 
2 - 2 5 0 + 0 2 
£ • 2 - 6 0 + 0 2 





0 • 2 0 7 5 + 0 6 
7 - 0 5 8 2 + 0 6 
7 . 4 1 8 8 + 0 3 
6 - 9 0 9 2 + 0 6 
6 - 5 7 0 1 + 0 6 
6 - I 6 1 4 + 0 6 
5 - 7 6 2 2 + 0 8 
• 3 7 6 2 + 0 0 
>.» v» v» <JT » ,C3 
- 6 2 5 4 + 0 8 
• 2 8 2 0 + % 
3 - 9 4 0 5 + 0 8 
2 - 6 1 0 9 + 0 0 
3 - 2 9 3 4 + 0 0 
2 - 9 8 8 5 + 0 8 
2 - 6 9 6 4 + 0 8 
2 - 4 1 7 5 + 0 8 
? - I 5 Z C + CFL 
I - 9 0 0 5 + 0 6 
1 - 6 6 3 1 + 0 8 
• • 4 4 0 5 + 0 * 3 
1 - 2 2 3 1 + 0 6 
1 - 0 4 1 0 + 0 8 
8 - 6 4 8 7 + 0 ? 
7 - 0 4 6 7 + 0 7 
5 - 6 1 2 7 + 0 7 
4 - 2 4 2 6 + 0 7 
2 - 2 2 8 6 + 0 ? 
2 - 2 9 9 2 + 0 ? 
2 - 6 0 9 5 + 0 1 
3 - 4 1 9 6 + 0 1 
3 - 2 3 3 1 + 0 1 
3 - 0 5 0 2 + 0 1 
2 - 0 7 1 2 + 0 I 
2 - 6 9 6 1 + 0 1 
2 - 5 2 5 0 + 0 I 
2 - 3 5 0 2 + 0 1 
2 - 1 9 5 7 + 0 1 
2 - 0 3 7 5 + 0 1 
I - 6 6 4 0 + 0 1 
I - 7 3 5 2 + 0 1 
I - 5 9 I 2 + 0 I 
I - 4 5 2 4 + 0 1 
I - 3 1 6 7 + 0 1 
I • 1 9 0 5 + 0 1 
I - 0 6 7 7 + 0 1 
S - 6 C 7 7 + C O 
0 - 2 9 0 1 + 0 0 
7 . 2 4 9 9 + 0 0 
6 - 3 6 5 0 + 0 0 
5 . 4 4 0 2 + 0 0 
4 - 5 9 8 2 + 0 0 
3 - 6 1 8 2 + 0 0 
3 - 1 0 9 0 + 0 0 
2 - 4 7 4 1 + 0 0 
1 - 9 1 2 1 + 0 0 




COMPUTER PROGRAM USED TO CALCULATE THE 
SONIC-LIMITED HEAT TRANSFER RATE 
This appendix gives the computer program used to 
calculate the sonic limitation on heat transfer rate over 
the temperature range 120°R < T < 227°R. A sample computer 
output is also given. 
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READ A x 
I = 1 
T(l). = 119.0 
I = 1 + 1 
T(I) = T.(I-1) + 1.0 
COMPUTE: Q S L 
> no 
Yes 
WRITE: T v , ( hi 
\ 1 
( s t o p ) 
Figure 40. Flow Diagram of Computer Program 
Used for Calculating the Sonic 
Limited Heat Transfer Rate 
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COMPUTER program: 
DIMENSION- OMSLI 1 .251 • XL AMI. I 2 5 1 • RHCVt I 2 5 ) • XK SH Rl l 2 5 ) . T 3 l 1 2 5 ) 
'•'Rl T E l 6 . IOO) 
IOO FORMAT! IH . ' E N T E R : X - S E C T I CNAL AREA OF VAPOR S P A C E ( F T 2 ) ) 
R E A D ! 5 , I )XA VS 
I , I-CRM ATI ) 
T 3 l I l » I 1 9 * 
DO 1 0 1 = 2 . 1 1 0 
T 3 i 1 ) = T 3 i I - I ) + 1 • 
XLAMl I > = - 4 . I I 3 3 4 E - I I * T 2 I I ) * * 6 + 2 . C 9 C 8 E - 8 * T 3 l I ) * * 5 
I - 1 . 4 3 1 I 9 E - 6 * T 3 C 1 1 * * 4 - 1 . C 3 2 3 5 E - 3 * T 3 l 1 1 * * 3 
7+ 2 • 6 1 694 E - I * T 3 l I 1 * * 2 - 2 4 « C 2 4 6 * T 3 l I ) + 8 « 8 9 6 ! 4 E 2 
PHOVi I 1 = 1 . 3 9 3 2 4 F - l 3 * T 3 i 1 1 * * 7 - I . C 4 2 3 2 5 E - I C * T 3 ( I ) * * 6 
1+ 2 • 6 3 8 7 3 6 E - 3 * T 3 l 1 1 * * 6 - I • I 4 0 1 5 E - 6 * T 3 l 1 1 * * 4 
2 - 6 « 7 8 3 9 5 E - 4 * T 3 l I ) * * 3 + I • 3 8 5 3 6 9 E ~ l * T 3 l i ) * * 2 
3 - I 0 . 7 6 2 8 * T 3 I I ) + 3 « I 0 0 4 5 E 2 
XK SH RI I ) = I • 5 7 2 4 0 3 E - 6 * T 3 l 1 1 * * 2 - 8 » 6 8 4 4 9 C 7 E - 4 * T 3 l I ) 
1 + 1 . 5 2 9 1 2 2 7 5 
1 0 OM SL l 1 1 = I • 5 1 64 F 5 * XA V S * XL A M l 1 ) * RH 0 VI 1 1 * X K SH R! I J * * • 5 
l * T 3 l I ) * * . 5 
W R I T E ! 6 . 2 0 0 ) 
2 0 0 , FORMAT! I H I . 2 X . ' V A P O R TEMP* " . 4 X . 'MAX* H E A T T R A N S F E R ' ) 
W R I T E ! 6 . 2 0 1 I 
2 0 1 FORMA T l IH . 3 X . * D E G . RA NK • •» 4 X . " S O N I C L I M » B T U / H R ' I 
'WRITE! 6 . 2 0 2 ) 
2 0 2 ' FORMAT! IH . 4 0 1 111 -1 ) 
WRI T E l 6 . 3 0 0 l I T 3 l 1 1 » OM S L l 1 1 » 1 = 2 . 1 1 0 ) 
3 0 0 FORMAT! IH . I P 2 E I 5 . 5 J 




Wick Composition 6 M.'TRP:X-FECTrcN/L-/ip-fc/ CK V/PCH SPACE j FT2) 5-7095E-4 
V/PCT? TKMP. f'AX- |j h/T DEO - " p/s NX • SON I C U M . . • 
i -20000+02 7-09290+02 i -2 i or. 0+0? 7-95961 + 02 I-22"00+02 ti -89 2 69+ 02 1 • 2-7000+02 •9.89 72 7+ 02 1 '24000+02 • -09507+04 l«25000+02 1-20544+04 1•26000+02 1•22052+04 1'27000+02 I-42S96+04 1-28000+02 1-56208+04 !• 29000+02 1-69025+04 • •.70000+02 » •0207-7+04' 1 •71 000+02 1-95510+04 1•72000+02 2-0920 1+04 1-27000+02 2-22474+04 1-74000+02 2-28060+04 
>TU/I1 K 
I - 76000+ 02 1-27000+02 1-38000+02 1-79000+02 I-40000+02 ! - 4 1000+02 I-42000+02 I-4 7000+ 02 1-44000+02 1-45000+02 I-4 6000+02 I.47000+02 1.46000+02 I . 490.00+ 02 1-50 000+02 1-51000+02 I • 520~0+02 I - 57000+ 02 1-54000+02 < • 55000+ 02 I -56000+02 l -57000+02 •56000+02 '•-•59000+02 
2-52052+04 2-68527+04 2-044 I 4+04 2-009 16+04 3-179 24+04 7- 35555+04 7-538 37+04. 3-72773+04 2-924 69+04 4-12979+04 4-74249+04 4-56396+04 4-79508+04 5-07541+04 '5-26582+04 5-54 666+04 5-6 18(4+04 , 6- 10061+04 6-29407+04 6-70017+04 7-01762+04 7.-24779+04 •7-609 77+04 8-04461+04 8-4 I 190+04 
VAPOR' TKMP- MAX. HEAT TRANSFER DE . p/ K . SONIC LIM- bl'U/H R 
1-60000+02 8.79177+04 1-61000+02 9.16402+04 1-62000+02 9.59007+04 1-67000+02 1.00090+05 1-64000+02 (•04409+05 I-65000+02 1•08848+05 1-66000+02 I-13422+05 1-67000+02 '•18124+05 > 1-68000+02 t •22952+05 1 -69000+02 » '27907+05 1-70000+02 !•22968+05 1 •71000+02 •1-30 166+05 1 -72000+02 1 -43509+05 1 •77000+02 1-46962+05 1 -74000+02 1-54530+05 1 -75000+02 1-60224+05 1-76000+02 1 -66042+05 1-77000+02 1-71967+05 1 •76000+02 1-78015+05 1-79000+02 1-64 18 6+05 1 -8 "'000+02 I -90471 + 05 1-6 1000+02 1-968 72+05 1 •62000+02 2-02794+05 1-87000+02 2- 10036+05 1-64000+02 2- 1 679 1 + 05 1 -85000+02 2-22670+05 1 .8 6000+02 2-20675+05 1-87000+02 2-27792+05 .1.•86000+02 2-45054+05 »-69000+0 2.524 35+05 ' • J> •.•>„• v  v.. K. 2-5994 7+05 1-91"00+02 2-67569+05 1•92000+02 2-75755+05 1 f j r-r^ . r> >• 2-82270+ 05 1 • \)...x > V,+ 1-94000+02 2-91712+05 1 -05000+02 ' 2-99477+05 1 •06000+02 2-0776,7+05 1 -97000+02 7- 1 6227+05 1 -9°000+02 7-24607+05 1-90000+02 2-27501+05 
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7 
R. i r> f\ . r< 
• v.. 1 v. w.,+ v*r 
<r »,. < v < • v.-+ ^ 
C /* >~1 f r* . *~ 
.\..,./+ > ^ 
7 »,4w.. v»+ 
7 
/~ /• /"V ^ , ^ r-
»..r-w..w+ 
7 
/\r™j ̂* ̂  i \̂ 
7 •on000+07 
7 »OO'^O'N- o 7 
7« 1 ».v.^w + .-Z' 
7. • 11 r.r.c+w? 
C . 1 7 0 0 0 + 0 7 
7 » 1 3 0 0 0 + 0 7 
R • 1 4 0 0 0 + 0 2 
7« 1 6 0 0 0 + 0 2 
7.« 1 7 0 0 0 + 0 2 
7« 1 6 0 0 0 + 0 2 
2 < 1 9 0 0 0 + 0 2 
2« R- r\ s\ /* . R-
<r.yvv,v+ Y-£ 
< • « C 1 • •-+ w<: 
2 < » ^ + v c 
R • C , + „.< 
r « r AT* r\ r* . r r-
C fl w% -w+ v. /T 
2 • c .....v.../+ v./: 
2 • 7 6 0 0 0 + 0 7 
7« 2 7 0 0 0 + 0 2 
2 1 
? • 4 2 2 2 2 + 0 5 
2 . 6 1 2 2 2 + 0 6 
3 . 6 0 2 3 3 + 0 6 ' 
2« 6 9 2 8 3 + 0 6 
3. . • 7 8 3 9 0 + 0 5 
2 . 8 7 5 0 9 + 0 5 
2 - 9 6 6 9 3 + 0 6 
4 . 0 5 5 9 - 5 + 0 5 
4 • 1 4 4 4 2 + 0 5 
4 . 2 2 0 6 1 + 0 6 
4 . 3 1 4 2 2 + 0 5 
4 * 2 9 2 4 0 + 0 5 
4 « 4 6 7 3 9 + 0 5 
4 . 6 2 4 4 5 + 0 6 
4 . 5 9 2 9 0 + 0 5 
4 . 6 7 5 8 0 + 0 5 
4 . 6 9 4 9 1 + 0 5 
4 . 659519+ 0 5 
4 . 6 7 2 8 1 + 0 5 
4 . 6 2 3 6 0 + 0 5 
4 . 5 4 2 2 7 + 0 5 
4 . 4 2 3 6 3 + 0 5 
4 . 2 6 0 6 7 + 0 5 
4 * 0 4 7 1 2 + 0 5 
2 . 7 7 2 5 8 + 0 5 
3 . 4 2 0 6 5 + 0 5 
2 . 0 0 8 2 2 + 0 5 
2 . 4 9 3 3 5 + 0 5 
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APPENDIX F 
V * > i 
E J T t T "• [Aj [2D+CJ (3.4) 
where 
r 
[A] = — P + 1 . 0 r 
ws 
[B] = ^ 1 + 1.0 
P 
r = radius of screen element ws 
[C] = " J k - 1.0 
ws 
[D] • = 
k L ( t ) 
i r r t y 
For wick composition 6, at a temperature of 160°R the 
following data is given: 
SAMPLE CALCULATION OF THE EFFECTIVE THERMAL 
CONDUCTIVITY OF THE CIRCUMFERENTIAL 
WICK/LIQUID COMBINATION 
Equation (3.4) gives the effective thermal conduc 
tivity of the circumferential wick/liquid combination as 
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r p = 6.25xl0~ 5 [ft] from Table .5 
r w s = (1.02xl0~ 4)/2. 0 = 5.10xl0~ 5 [ft] 
kL(160) = 7.16075x10 
-2 Btu 
ft-hr- u'R 
from Table 5 
from Appendix B 
k p ( 1 6 0 ) V S . 4 0 7 5 5 
Btu " 
£t-hr- uR from Appendix B 
Therefore: 
[A] = 6.25x10 .ft + 1 Q = : 2.225 
5.10x10 ft 
[B] = 5.10x10 ft + 1 Q = l g l 6 
6.25x10 ft 
[C] = 6 , 2 5 x 1 0 ! f t " 1.0 = 1.225 
5.10xl0" bft 
r n l ; 7.16075xl0" 2 7 9 , i n - 2 
t D ] = 5.40755 = X ' 3 2 4 x 1 0 
w (160 1.0 
7.16075xl0~ 2 (2.2 25)[2(1.324x10" 2)+1.22 5] 
+ hi * 1;Q 
(2.225)(1.324x10 )(1.816) (1/816) 2 
= 3.591xl0 _ 1 + 3.738X10 1 + 3 . 0 3 2 x l 0 _ 1 
w (160) 
7.16075x10 
= 3 . 8 0 5 x 10 Btu ft-hr-"R 
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k = 2.825 
W(160) 
Btu 




R = ~ — r ~ ~ — ? - (3.2.a) pe 2TT K I • J r pe e 
. .2.083x10~2ft. l n ( — ) 
_ 1.75x10 ft 
(2)(3.14159)(5.417 f t. B^.o R)(.5 ft) 
R = 1.015xl0" 2 pe 
hr-°R 
Btu 
b. Thermal Resistance of Pipe Wall at Condenser 
Equation (3.2.b) gives R as 
SAMPLE CALCULATION OF THERMAL RESI SISTANCES 
The following sample calculation of the thermal 
resistances of the heat pipe components are given for a 
condenser temperature of 160°R, evaporator temperature of 
162°R, and wick composition 6. 
1 . Thermal Resistance of Pipe Wall 
a. Evaporation 
Equation (3.2) gives Rp e as 
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In (r A/r ) 
R = . i A / (3.2.b) 
pc 2-rr k £ v Pc c 
,2.083xl0~?ft. l n ( — ) 
1.75x10 ft 
(2) (3.14159) (5 .408 f t ^ r - ^ R ^ 1 0 f t ) 
R = 5.084xl0" 3 pc 
hr-°R 
Btu 
2. Thermal Resistance of the Circumferential Wick 
at the Evaporator and Condenser 
a. Evaporator 
Equation (3.3.a) gives R^ e as 
In (r R/r r) 
R = ~ — , ° ~ (3. 3. a) 
we 2TT k £ K J w 2 e 
where: 
k is the effective thermal conductivity of the wick 
2 
liquid combination evaluated at T^. (see Appendix F) , where 
^2 is given by: 
(T -T ) I 
ri-i rrt , 0 C G 
A2 " c C T T T T " ^ e c^ 
T 2 = 1 6 0 + ^ l ^ 5 - = 160.67 °R 
(T^ = T.j - T,- constant internal temperature) 
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rl. 75xl0"^ft "s ln{ — ) 
1.701x10 ft 
"¥tu~ 2 (3.14159) (2 . 831 h r . ^ u R ) (.5 ft) 





Similarly, Eq. (3.3.b) gives R c as 
R 
In C^ B/ r c) 
wc ~ 2TT k IZ 
w 5 C 
(3.3.b) 
where k is taken to be equal to k seen above, w 5 w 2 
Therefore, 
R wc (2) (3.14159) (2.831 j ^ ^ ^ ) (1.0 ft) 
R „ = 1.590x10 wc 
hr-°R 
Btu 
3. Thermal Resistance of Wick-Vapor Interface 
a. At Evaporator 
Equation (3.5.a) gives R. as 
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R. 
le 4TT r c £ e PY h g c T7T 
(3. 5.a) 





 5 5 * 1 5 l b m ° R £ 773" £t-lb f x ^ 5 5 * 1 5T5m°R^ ) 
ie 12.566 
r 7 0 0 lbm ft>v 
f sec 
T7T 
360 0 sec T r 
2.5 
rr l* *V C e V 2 fg 2 
or, 
2.5 
R. ie = 5.1338x10 
-6 Btu-hr-lb 
°R 1* 5 lb r^' I' P„ h' m ~* C e A V 9 1Afg 
T 2 = T 3 = T 5 = 1 6 0 • 6 7 C°R) 









, Btu-hr - l b r 
R. = 5.1338x10"° • • 1 x 
1 e o^J-'j I L ^ R"*" lbm 
2.5 C160.65°R1 
(1.701xl0" 2ft) (.5 ft) (7 . 0265xl0 3 i M ) (7 . 7913x10) 2-!^i 
ftA lbm z 




Similarly, Eq. (3.5.b) may be written as 
R 
5.1338xl0" 6(T 5) 2* 5 
R. = 5.1338x10 ie 
-6 'Btu-hr-lb 
L °R l o 5lbm 2J 
(160.67) 2 , 5 ° R 2 , 5 
(1.701xl0" 2 ft)(1.0 ft)(7 . 0265xl0 3 — t ) (7.7913x10) 2 — 7 
ft z lbm z 





4. Thermal Resistance of Vapor 
The thermal resistance of the vapor "Ry" is given by 
Eq. (3.12) 
R V = 
8p,r J ^ R P T - ( — - - I ) 
.2 4 
\ P V C h fg } r v 
By applying proper conversion factors and substituting 
constant terms, Eq. (3.12) is rewritten as: 
(8)(2.25 ft) ^V T-3 (p 
Rv = — ——ft-lb," X „ 
(3.14159) (3600 ^ 0 ( 7 7 8 ^ ) p V U f g 
V 
2 4 (3.12.a) 
v 
R'v = 2. 0457x10 -6 Btu-hr sec lb 
y v T 3 M:^ 
fj pv ( h f g ) _ r v 
Where the thermodynamic property terms are evaluated at T^. 
R V 2.0457x10 
Btu-hr 
sec lb 
7 lbr-sec -, 
(1.3783xl0 _ / 1 ^ — ) (160.67°R) [- -
ft 8.6931x10• 4.7842x10 
J r & m 
(8.6931xl0 _ 1 ^ £ ) (7.7913x10) 2 (3 . 753x10" 3) 4 ft;4 
ft' lbm' 
R = 5.423x10 °R-hr Btu 
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5. Total Thermal Resistance of the Heat Pipe 
The total resistance of the heat pipe is simply the 
sum of the thermal resistance of the components as indicated 
by Eq. (3.1). 
R-, = R + R + R. + R + R. + R + R T pe we ie V ic wc pc (3.1) 
or 
R-, = 1.015xl0" 2 + 3.18xl0' 3 + 4.603xl0 - 6 + 5.423xl0 - 5 
+ 2.301xl0" 6 + 1.590xl0" 3 + 5.084xl0 - 3 
R T = 2.001x10 -2 °R-hr 
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APPENDIX H 
SAMPLE CALCULATION OF THE HYDRAULIC RADIUS 
The values for hydraulic radius r v used in this work 
were obtained by dividing the cross sectional area of the 
vapor space by the total "wetted" perimeter exposed to the 
vapor flow. This is given by the following equation: 
A sample calculation is given for wick composition 6. 
Tr = 3.1415926 
r r = inside radius of pipe minus the thickness of the 
r^= 1 . 7 5 0 x l 0 " 2 f t - 6 C = 1 . 7 5 0 x l ( ) " 2 f t — 4 . 8 8 x l 0 ~ 4 f t = 
1 . 7 0 1 x l 0 " 2 f t 
= (3.141592)(1.701x10" 2 f t) 2-(2)(1.701x10' 2)(11.176x10" 3 f t) 
(3. 141592) (2) ( 1 . 701x10 "2ft) - (2)|T7 701x10 ' 2ftT+)(4) 
^ ^ ^ r r m x i o " 2 f t ) 
(7T)(r c) 2-(2)(r c)(6 T) 
(Tr)(2)(rc)-(2)(6T) + (4)(r c) (ft) ( H . l ) 
circumferential wick. 




DERIVATION OF EQUATION (3.19) 
Reference [7] gives the relationship between the 
pressure drop in the liquid phase due to viscosity and the 
inverse permeability, K, is given by 
AP T = K 
m L *eff 
" P j T ^ w " 
"Ibf" 
L f ? J 
(1.1) 
where the term K is the inverse permeability based on the 
liquid approach velocity (see Appendix A ) . The composite 
slab wick used in this study is composed of several layers 
of coarse screen (labeled B) "sandwiched" between layers 
of finer screen (labeled A ) . The total liquid flow rate 
in the slab wick is the sum of the liquid flow rates in each 
portion of the slab. Thus: 
m L = m L 'B 
lb m 
hr (1.2) 
The liquid phase pressure drop in each portion is given by 
a modification of Eq. (1.1) : 
AP, 
K A y L '"LA *eff 







L B PL A WB 
(I.l.b) 
The terms A and A , the cross sections areas of the two 
WA V 
slab sections, are given by 
A w = n A 6A b C £ t 2 ) (1.3. a) •A 
and, 
A w = n B 6 B b ( f t 2) (I.3.b) 
B 
where 
n A , n B = n u m ^ e r °^ screen layers in "A" and "B" 
portion, respectively. 
^A'^B = thickness of screen used in "A" and "B" 
portion, respectively, 
b = width of the slab 
By rearranging and substituting Eqs. (I.l.a) and (I.l.b) 
into Eq. (1.2), the following is obtained: 
= (APx ) j
 p L ( n A 6 A b ) 
V KA yl/eff 
+ ( A P T ) 
( n B 6 B b) 






It is assumed that the viscous pressure drops in each portion 
of the composite slab are equal to the total slab pressure 
drop. That is: 
APT = APT = APT 
L A L B A+B 
(1.5) 
A substitution of Eq. (1.5) into Eq. (1.4) gives: 
m L = A P L 
PT b 
A+B yL £eff 
, n A 6 A + V B , 





It is convenient to define an effective inverse permeability, 
K, for the composite slab as 
or, 
K K A 'TB~ 
K = 
n A 6 A + nB*B 
K A K B 
(ft' 2) (1.7) 
where 
6 T = the total thickness of the slab wick 
By substituting Eq. (1.7) into Eq. (1.6) and rearranging, 
the following is obtained: 
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JA+B 
m L V*eff Y 




The liquid pressure drop in the circumferential wick due to 
viscous effects is given by, 
y L m L , L e 




for the evaporator section, and 
AP, = K, 
y L m L c L c 
'APP PL n C 6 C lc 
lb 
L f t 
(I.9.b) 
for the condenser section. The terms "L " a n d "L " seen in 
c e 
Eqs. (I.9.a) and (1.9.b) above, and illustrated graphically 
in Fig. 44, represent the average arc length traveled by 
an element of mass in the circumferential wick at the 
condenser and the evaporator, respectively. The assumption 
is made that these two lengths are equal. Thus: 
L = L = L c e (I.10) 
The rate of liquid flow through a cross section of either 
the condenser or evaporator circumferential wick is one-




ML lb " m 
T 7 
(I.11) 
The total pressure drop in the circumferential wicks is the 
sum of the pressure drops of the components: 
A P T = A P T + A P T 
L C L C L C e c 
(1.12) 
Combining Eqs. (1.9.a), (I.9.b), (1.10), and (1.11) with 
Eq. (1.12) gives : 
» K C L m L 




The total liquid pressure drop due to viscous effects in 
the composite wick system is given by summing the pressure 
drops of the slab and circumferential wicks. 
A P , = A P T + A P T (1.14) 
L A+B L C 
By substituting the equations for each term of the right 
hand side, Eq. (1.14) may be rewritten as 
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AP, 





m L y L r K *eff + K C L , 1 • 1,' rib 




ESTIMATION OF THE EFFECTIVE THERMAL 
CONDUCTIVITY OF THE HEAT PIPE 
The effective thermal conductivity of the heat pipe, 
shown graphically for different wick compositions by 
Figs. 24, 25, 26, and 27 was calculated by using the 
following equation: 
Q - k- —IF-
or, rearranging: 
k' = § L 
where: 
k' = effective thermal conductivity 
0 = capillary limited heat transfer rate 
1 = the effective length of the heat pipe in this 
study U e £ £ ) 
A,p = temperature difference between the evaporator 
and condenser ends. 
A = cross sectional area of the heat pipe. 
For wick composition 6, at an evaporator temperature 
of 162°R, the following sample calculation is offered: 
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A = = — T ~ — = 1.3635x10 '3 (£t z) 
AT = T -T = 162-160 = 2°R e c 
1 * le££ = 2-25 ^ 
Tv • T C * a * I) =
 160 * 1 W I = 160-7 <OR) 
v e c-' 




* = ^ C L ^ e f f ) 
Btu-ft 
hr 
For wick composite 6, and a vapor temperature of 
160.7°R, the following data is obtained 
Q C L = 102.0 Btu T r 
2*25 (ft) 
Therefore: 
Btu 3 = (102.0 (2.25 ft) = 229.5 Btu-ft hr 
ESTIMATION OF THE HEAT TRANSFER CAPABILITY 
The heat transfer capability, for several wick 
compositions is shown graphically in Figure 28. This 
parameter is calculated by using the following equation: 
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APPENDIX L 
6 T = n A 6 A + n B 6 B (L • 1) 
The values of n^ and n^ are chosen to give a total wick 
thickness between .1 and .15 inches. The values used for 
6^ and 6g, the thickness of the surface and interior screens, 
respectively, were taken from Appendix A. 
For wick composition 6, the following sample calcula­
tion is given: 
SAMPLE CALCULATION OF WICK THICKNESS 
The composite slab wick is made up of several interior 
layers of screen "sandwiched" between surface screens of a 
different mesh size. The interior layers are screens of 
small mesh sizes (i.e. large pore radii). The small value 
of inverse permeability of these layers allows a freer 
internal flow of liquid. The slab surface layers are screens 
of large mesh size indicating small pore radii. These 
layers provide a large pressure differential for capillary 
pumping. 
The total thickness of the slab is the sum of the 
products obtained by multiplying the number of layers of 
each type of screen by the thickness of that screen. 
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n B = 5 
6 A = 2.44xl0" 4 (ft) 
& B = 2.04x10" 3 (ft) 
6 T = (4) (2.44xl0" 4ft) + (5)(2.04x10" 3ft) = 11.176xl0" 3. (ft) 
The thickness of the circumferential wick is found by 
multiplying the number of layers of screen making up the 
circumferential wick (n^) by the thickness of the screen 
C« c). 
thickness of the M C M layer = n r<S r (L.2) 
For wick composition 6, this is: 




K = _ J T (ft" 2) (M.l) 
A A + B B 
K A K B 
The values of 6^, 6-g, K^, and are taken from Appendix A. 
For wick composition 6, the following sample calculation is 
offered. 
6 T = 11.176xl0" 3 ft 
6 A = 2.44xl0" 3 ft 
6 B = 2.04xl0" 3 ft 
n A - 4 
n B = 5 
K A = 15.168xl0 9 ft" 2 
K B = 5.908xl0 7 ft" 2 
v _ 11.176xl0" 3ft 
K - — — _ w 
(4) (2.44x10• )ft + (5)(2.04x10 ")ft 
15.168xl0 9ft" 2 5.908xl0 7ft~ 2 
K = 6.4709xl0 7 (ft" 2) 
SAMPLE CALCULATION OF EFFECTIVE INVERSE PERMEABILITY 
The effective inverse permeability of the composite 
slab wick is given as: 
APPENDIX N 
SAMPLE CALCULATION OF NON-RESTRICTED 
HEAT TRANSFER RATE 
Equation (3.13) gives the theoretical heat transfer 






Sample calculations for T = 160°R, T = 162°R, 
c e 
and wick composition 6 are presented as follows 
'max 
T -T AT = e c 
Rro R m 
Btu 
~hT 
where R-p, the total thermal resistance of the pipe, is 





CL K I eff K„L 
b6, 4T  C~C 
8 y V PL *eff 
* y L P V r v 4 
Btu 
"~Er 
A sample calculation of this quantity evaluated at 160°R, 
using wick composition (6). The following data is 
given. 
N .= heat pipe number = 
a h fg pL „ 2. 5845x10' Btu 
ft -hr 
r^ = pore radius in the screen of the circumferential wick 
-5 = 6.25x10 (ft) 
K = effective inverse permeability = 6.4709x10 
K r = inverse permeability of circumferential wick 








effective length = &o + i {I T '+ I ) = 2.25 a 2 v e 






SAMPLE CALCULATION OF THE CAPILLARY-LIMITED 
HEAT TRANSFER RATE 
The capillary limited heat transfer rate, Q(_j_ > 
is obtained from Eq. (3.24): 
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L = average arc length traveled by element of liquid mass 
= 1.374xl0~ 2 (ft) 
jiq = number of layers of screen in circumferential wick = 2 
Sq = thickness of screen layer used in circumferential wick 
= 2.44xl0" 4 (ft) 
I = length of evaporator section = .5 (ft) 
& c = length of condenser section = 1.0 (ft) 
y = viscosity of vapor at 160°R = 1.37071xl0 - 7 [lb f-sec/ft 2] 
U L = viscosity of liquid at 160°R = 2.26061xl0" 6 [lb f-sec/ft 2] 
P v = density of vapor at 160°R = 8 . 4 7 8 5 1 X 1 0 " 1 [lb^ft 3] 
P L = density of liquid at 160°R = 4 . 7 9 5 4 6 x 1 0 [lbm/ft ] 
r y = hydraulic radius = 3.753xl0~ 3 (ft) 
Substitution into Eq. (3.24) gives: 
A (2)(2.5845xl0 9)/6.25xl0~ 5 
Xry " ~ 7 • ~G T) 
(6.4709x10^)(2.25) + (15.168x10*)(1,374x10 L ) ^ 1^ 1 ̂  
(3.402x10~ 2) (11.176x10~ 3) (4) (2) (2.44xl0~ 4) .5 - 170". 
(8)(1.37071xl0"7)(4.79546x10)(2.25) 
(3.1415926)(2.26061xl0" 6)(8.47851x10" 1)(3.753x10' 3) 4 
9cL = 1 0 2 ' 5 3 Tr 
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APPENDIX P 
<5SL " h£g A x P V [«c k ^ ] 1 / 2 
A sample calculation for wick composition 5, and vapor 
temperature of 160°R follows: 
h f g = 78.253 Btu/lbm 
A x = 5.1663xl0~ 4 ft 2 (see Table 11) 
p v = .8478 lbm/ft 3 
2** 
g c = 32.2 L£M f/sec 2 x (3600) 2 = 4.1731xl0 8 
f hr 
lbm ft 
^ h 7 
ft-lb f 
5 5 , 1 5 lbm > R 
T = 160°R 
k =1.429 (from Figure 10) 
Therefore, 
:SL (78. 253 ^)(5.1663xl0~
4ft 2)(.8478 i^y) [ (4.1731xl0 8 




SAMPLE CALCULATION OF THE SONIC-LIMITED 
HEAT TRANSFER RATE 
Equation (3.28) is used for calculating the sonic 
limited heat transfer rate: 
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Table 12. Cross-Sectional Area of Vapor Space 
for Various Wick Compositions 
Wick 
Composition Thickness of Slab-Ft 
Cross Sectional 
Area-Vapor Space-Ft 2 
1 8.08xl0" 3 6.5383xl0" 4 
2 8.754xl0" 3 6.5572xl0" 4 
3 7.838xl0" 3 6.8778xl0' 4 
4 8.648xl0" 3 6.5943xl0' 4 
5 12.728x10" 3 5.1663xl0' 4 
6 11.176xl0" 3 5.7095X10" 4 
Cross sectional area of vapor space: 
A = IT r-r, - 2 r „ 6 
where: 
r B = 1.75xl0" 2 feet 
